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FOREWORD 


This 1976 year end visual laboratory report is one of a set of three 
volumes that describe the teleoperator design studies performed by Essex 
Corporation under NASA contract NAS8-31848. The three volumes describe 
the tests conducted in the mobility, manipulator and visual laboratories 
at Marshall Space Flight Center (MSFC) and the concomitant results. This 
effort was directed by Mr. Edward G. Guerin (COR). 
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1.0 EXECUTIVE SUMMARY 


NASA's Marshall Space Flight Center (MSFC) is currently involved in the 
development of technology to support teleoperator flight experiments. Develop 
ment and evaluation is being performed in three technology areas: 

• Visual Systems 

• Manipulator Systems 

i Vehicle Mobility Systems. 

The current report describes three experiments which were carried out 
to examine operator performance using a stereoptic television system and 
color discrimination performance using color television. In addition, a 
computer program is described which predicts depth resolution performance and 
field of view for a stereoptic television system. 

1.1 STEREOPTIC RANGING TEST 

Remote vehicle docking and remote manipulation require that the operator 
be able to acquire depth or range information from the visual system. For a 
monoptic television system, the available cues are limited primarily to 
apparent target size and apparent brightness. A ranging scheme for monoptic 
TV was described in an earlier report (Ref. 3). This method used a movable 
cursor controlled by the operator. Matching the cursor width to the image 
of a known dimension of a target permits estimation of range. 

In the stereoptic mode, a pair of cursors is used. One cursor line 
appears in each of the two rasters. The operator adjusts the cursors until 
he sees a single line which appears at the same range as that of the target. 

In the ranging test performed, operators used the stereo system to esti- 
mate the range to a target object. The actual range was varied and per cent 
range estimation error was found to increase as the square of range which 



would be expected. The target ranges employed ran from 152.4 cm (60 in.) 
to 518.2 cm (204 in.). Per cent error was found to vary from 5 to 30 per cent. 

Comparison of the results of the stereo ranging test with data from the 
monoptic system showed that the stereo system achieved smaller error df range 
estimation provided that the target is close to the point of convergence of 
the camera pair lines of sight. For target ranges much greater than the con- 
vergence ranges the monoptie ranging system vnll yield smaller per Cent error. 

In comparing the two systems, it should also be kept in mind that the 
monoptic system requires that the true size of the target object be known. 
Furthermore, measurement error will increase if the monoptic camera line of 
sight is not close to normal to the target dimension being used. The stere- 
optic system does not require that the target dimension be known and allows 
the target to be viewed at any point on the screen since range errors away from 
the stereo center line were not sufficient to be considered significant. 

1.2 COLOR DISCRIMINATION TEST 

The question has often been asked whether use of color TV can facilitate 
operator performance in remote control tasks. This question is too gross to 
be answered empirically. To refine its it can be noted that use of color TV 
should permit the operator to make additional discriminations (color in addi- 
tion to brightness). Facilitation of performance would then occur if the 
additional discriminations were essential to performance. A test was carried 
out to determine the number of separate colors which can be identified with 
negligible error using color TV. 

The test was carried out using 15 Munsell color chips which had previously 
been determined to be maximally discriminable (Ref . 1 ). These 15 chips were 
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presented in all possible pairings and were presented to subjects via a 
Sony color television system. The subject responded "same" or "different" 
to each pair. The test confirmed the discriminability of the set of chips 
selected. The vast majority of errors noted were false alarms where the 
subject responded "different" to a chip paired with itself. Confusion errors 
were noted for only chip pairs. One of these chips was removed leaving a 
set of 14 Munsell chips which can be discriminated via color TV with negli- 
gible error. 

Problems noted in color discrimination testing included a phase shift 
of the 3.58 MHz subcarrier and apparent color differences resulting from small 
variations in lighting across the scene. 

An attempt was made to determine if absolute identification of colors 
could be done using a set of chips which were viewed directly and compared 


with the color TV presentation. This would permit color coding. This at- 
tempt was largely unsuccessful. Changes in apparent hue were introduced by 
the video system which caused unacceptable error levels for absolute identi- 
fication. Color coding of targets presented via color TV would, therefore, 
appear to be feasible only if the comparison color chips are presented along 
with the target via TV. 


1.3 COMPARISON OF SOLID STATE AND VIDICON CAMERA SYSTEMS 

Stereoptic video tests previously reported (Ref. 1) have utilized a 
pair of Vi di con cameras with zoom lenses.. The objective of this test was to 
evaluate effects of use of General Electric solid state cameras as a stereo 
pair. The task performed by the subject was to control a target motion 


generator so as to place a movable target in the same fore-aft position as a 
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fixed target. Trials were conducted using two different camera pairs - the 
solid state cameras and a pair of COHU Vidicon camev^as. 

The results of the camera comparison test did not show a general effect 
of camera type in terms of response time. The effect of camera type was 
found to depend on^fixed- target range. The expected response time for a 
system using solid state cameras in place of Vidicons will increase with in- 
creasing operating range. 

Analysis of absolute adjustment errors data showed no effect of camera 

type. 

1.4 STEREOPTIC TV PARAMETER PROGRAM 

A computer program was developed to calculate detectable range difference 
and thus width of the stereoptic field of view based on disparity thresholds 
and limits determined in earlier experiments (Ref. 1). The inputs to the 
program incl ude : 

e Monitor to eye viewing distance 
t| Monitor dimension 

• Video system constant 

• Visual angle at operator's eye for vertical target detection 
based on empirical studies 

• Visual angle at operator's eye for horizontal target detection 
based on empirical studies 

• Average interocular distance 

• Retinal disparity at operator's eye for range increment 
detection based on empirical studies 

• Maximum Value of linear disparity which will permit 
stereopsis based on empirical studies 

t Stereo camera baseline 



• Single camera field-of-view 
f Camera convergence angle. 

The program calculates and outputs the following data; 

• , Horizontal resolution factor 

• ' Vertical resolution factor 
t Stereo exaggeration ratio 

§ Resolvable horizontal increment 

• Resolvable vertical increment 

f I Range at which maxi mums value of retinal disparity occurs 
f Range resolution factor 

i ■ 

! 

• Detectable range increment 

• Width of stereo field of view. 

The program can be used to determine the coverage and range increment 
sensitivity for a proposed set of stereo system parameters. 



2.0 INTRODUCTION 


2,1 BACKGROUND 

NASA's Marshall Space Flight Center is currently involved in the develop- 
ment of technology to support two teleoperator flight experiments - the Space 
Teleoperator Demonstration Unit (STDU) and the Space Teleoperator Evaluation 
Vehicle (STEV). As currently conceived, the STDU will be mounted in the Shut- 
tle payload bay where it will perform a variety of simulated payload servicing 
tasks to evaluate the manipulator and visual systems. The STEV will be a fully 
mobile teleoperator system complete with propulsion and attitude control 
systems. 

The initial tests of teleoperator technology will be performed using the 
STDU on an early Shuttle flight. Since the STDU will operate in the paylaod 
bay, a vehicle mobility system will not be required. The other system com- 
ponents including the manipulator arm, end effector, visual system, data links, 
controls, displays and control laws will be required, however. Both STDU and 
STEV will utilize a visual system that permits a Shuttle based operator to 
perform basic tasks related to satellite servicing. 

Several major technology questions must be answered before the STDU and 
STEV can be developed. The MSFC teleoperator development effort is aimed at 
the three primary technology areas - the visual system, the manipulator sys- 
tem, and the maneuvering/mobility system. For the visual system, a central 
problem is the definition of requirements and criteria for the man -machine 
interface. The testing philosophy currently being employed is to use simulation 
and laboratory testing to evaluate various operator/visual system concepts and 
develop an operator/system data base. These data will then be used to specify 



man-machine interface requirements for the STDU and STEV visual systems, 

Essex Corporation is currently under contract to NASA/MSFC to perform 
laboratory tests of visual system/operator performance, to evaluate man- 
machine interface concepts, and to derive man-machine interface requirements. 
Essex personnel have defined visual system tasks typical of those to be en- 
countered by the STDU and STEV and have developed several laboratory and 
simulation test plans based on these tasks. These test plans have been 
implemented and carried out in the MSEC Visual System Evaluation Laboratory 
during 1976 resulting in quantitative performance data suitable to support 
trade-off studies of visual system concepts and choice of system parameters. 
Essex has also carried out analytical studies in the area of visual system 
component geometry. 

2.2 SCOPE 

This 1976 year-end report describes three laboratory investigations of 
visual system parameters and one analytical study to evaluate stereoptic tele- 
vision component geometries for optimum viewing. The three visual system 
tests described in the following sections include: 

• Stereo Ranging Test S-1 : To evaluate the accuracy of operator 
range estimation using a Fresnell stereo television system 
with a three dimensional cursor, 

• Stereoptic Test S-2: To evaluate an operator's ability to align 
three dimensional targets using vidicon tube and solid state 
television cameras as part of a Fresnell stereoptic system. 


• Color Discrimination ,- Phase 2 Test: To determine an operator's 
ability to discriminate between paried color samples viewed with 
a color televi si on system. 

Also reported is an analytical investigation to develop a computer program 
that can be used to predict the width of stereo field of view and range resolu- 
tion as functions of range and empirical data on stereoptic disparity thresholds 



3.0 LABORATORY DESCRIPTION 
3.1 GENERAL FACILITY DESCRIPTION 

The Teleoperator Visual System Evaluation Laboratory at Marshall Space 

Flight Center's Electronics and Control Laboratory permits operator visual 

performance data to be collected over a wide range of mission oriented visual 

system tasks. The laboratory provides for the study of tasks which involve 

the manipulation of any of the following parameters: 

Transmission 

§ black and white 
f one gun color 

Camera/Monitor Configurations 

e 1 camera, 1 monitor 
t 2 cameras, 2 monitors 
t 2 cameras, 1 display 

Depth of View 

§ monoptic 
« stereoptic 

Monitor Sizes 

.'I 

a 19.7 cm (7.75 in.) diagonal 
30.5 cm (12 in.) diagonal 

Field of View of Camera 

t 8 degrees to 35 degrees horizontal 

Frame Rate of Display 

• 1.5 frames/sec 

• 30 frames/sec 

Signal Format 

t analog 

• digital , 4 bit 
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Signal Bandwidth 


t 4.5 MHz 

§ 1.0 MHz Narrow Band 


Signal: to Noise Ratio 

• 32 db 

• 21 db 

• 15 db 

Viewing Aids 

• electronically generated reticles and cursors 

• overlayed reticles 

Target; Motion 

• fore-aft, variable translation rates 
§ rotati on j variable rates 

Variable Target Parameters 

• size 
§ Shape 

• brightness 

t 2 or 3 dimensional 


Variable Target/Background Contrasts 
Variable Target/Camera Geometries 
Variable Scene Lighting 

Each of the several parameters can be combined with one another to permit 
the study of system component interactions. 

The equipment necessary to generate and control the various video trans- 
missions isi housed in the experimenter's station of the Visual System Evalua- 


tion Laboraltory 


The general equipment which was utilized includes: 


• Cohu Model 2000 CCTV Cameras for Black & White Transmission 

• Sony Model DXC-5000B Camera for Color Transmission 

• Colortran Model 104-311 Studio Lights 
t Kleig Brothers Studio Lights 

• Computer Lab A/D and D/A Converter for Digital Transmission 

• General Radio Corporation Random Noise Generator for Varying 
S/N Ratios 
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• Narrow Band Pass Filters for 1.0 MHz Transmission 

• Tektronix Wave Form Monitor for System Calibration 

• Tektronix Vectorscope for Color System Calibration 

The specific equipment and laboratory configurations used in each of the 
experiments are described in Sections 4.0, 5.0 and 6.0 of this report. 

The system allows a maximum of two video inputs from any two sources. 

For example, two black and white cameras or two color cameras are available 
which would be necessary for the Fresnel 1 stereoptic TV system. System inputs 
are selected and switched via two RCA T5-28, one output audio follow switchers. 
A complete description of this signal injection/modification system is con- 
tained in Reference 1. 

3.2 VISUAL SYSTEM LABORATORY UTILIZED IN STEREO RANGING TESTING 


The arrangement of the visual systems laboratory can be changed to 
accommodate particular testing situations. The configuration used in the 
stereo ranging testing is represented in Figure 3-1. 

The laboratory in this configuration allowed the experimenter to accurately 
place a target globe at any One of 21 premeasured locations. These locations 
were determined by placing 1 .27 cm (.5 in.) black tape along the floor as 
shown in Figure 3-1. The center target line was placed along the center line 
of the stereo camera pair with lines on either side at 8® angles to the 
center line. 

Since the target globe used in this experiment was internally lit, no 
studio lights were used. The experimenter operated the test from a control 
panel located in the experimnetal area but put of sight of the camera pair. 

The subject was isolated in a shrouded subject station where he viewed the 
scene on the Fresnell stereo system. 









3.3 VISUAL SYSTEM LABORATORY UTILIZED IN COLOR DISCRIMINATION TESTING 

Figure 3-2 shows the color discrimination panel and color wheels which 

were used in this testing. This board was placed on a tripod and lit by two 
banks of Tights as shown in Figure 3-3. The light sources were placed so that 
the illumination produced no unwanted reflections from the color chips. 

The timing and video selections were controlled by the experimenter v/ho 
sat at the console behind the task board. The subject viewed an enlarged 
view of the colors through the two openings in the task board. 

Again the subject was segregated from the experimental area by a heavy 
black fabric shroud. 

3.4 VISUAL SYSTEM LABORATORY UTILIZED IN CAMERA COMPARISON TESTING 

The major task equipment used in the comparison tests was the target motion 
generator (TMG) which has been used in prior Essex testing. The TMG was placed 
as shown in Figure 3-4 so that the translational motion of the movable target 
was directly along the camera line of sights The studio lights were placed to 
prevent unwanted shadows and reflections. 

The subject was seated in front of the Fresnel 1 system behind heavy 
black curtains. In addition, the experimental area was not viewed by subjects 
prior to testing. This was accomplished by drawing heavy black curtains in 
front of the experimental area when subjects were entering or leaving the test 
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4.0 STEREO RANGING - TEST S-1 


4.1 OBJECTIVE 

Prior testing by Essex Corporation of range estimation in the Visual 
Systems Laboratory involved monoptic television systems using both fixed and 
movable ranging cursors superimposed over the television scene. The cursors 
were used to measure known object sizes within the scene from which range 
estimates could be obtained. 

The purpose of the present testing, as discussed in Section 2.0, was to 
evaluate the accuracy of range estimation using a three dimensional cursor 
and the Fresnell stereo television viewing system. 

Using this system, range was estimated not by the size of the object 
but by its perceived distance from the subject. In the 'previous testing using 
movable cursors, motion of the cursors was restricted to a plane lying on the 
viewing screen. The objective of i:his test was to evaluate the difficulty and 
accuracy of obtaining range estimates using a cursor and viewing system with 
an additional degree of freedom, depth. 

4.2 APPARATUS 

The experiment was performed in the Visual Systems Laboratory, Marshall 
Space Flight Center. The general laboratory description is contained in Sec- 
tion 3.0, and the specific laboratory setup for this experiment is contained 
in Section 3.3. 

The operator's station contained the Fresnell stereoptic display. This 
display was mounted in a console containing the two 23 cm (9 in.) diagonally 
measured, Con rac Type SNA9A monitors and the associated optical train com- 
posed of mirrors and lenses as described in Section 3.0. The Fresnell display 



screen actually observed by the subject was a 23 cm (9 in.) diagonally mea- 
sured unit. A hand-held, thumb operated, momentary contact pushbutton was 
provided for the subject to signal task comoletion. Depression of this button 
also served to generate signals to terminate task timing equipment and to 
terminate the subject's video signal in preparation for the presentation of 
the next tri al . 

Three potentiometers were mounted in a row on the front of the subject's 
display immediately beneath the Fresnel 1 display. These controlled the move- 
ments of the stereo cursor. One moved the cursor left and right (Y axis), 
another up and down {Z axis), and the third controlled the apparent fore/ 
aft movement (X axis) of the cursor. 

The stereoptic cursor consisted of a movable, white, .20 cm by 
.sd cm rectangle oriented vertically on the face of the screen. The cursor 
was electronically created and presented to the left and right TV screens 
with a variable delay, controlled by the subject's potentiometer, which ! 
served to delay the presentation of the cursor relative to the left and right 
screens. The amount of delay was measured by a Hewlett Packard, type 5245L 
digital counter using a type 5262A pulse width measurement module. With zero 
delay, that is, with both cursors presented at the same spot on both left and 
right monitor screens, the cursors were presented to the subject with no lin- 
ear dispari ty thus producing the effect, when viewed on the Fresnel 1 screen, 
of lying at the same distance as the Fresnell screen. Increasing the delay 
caused the left and right cursors to move apart on the two TV screens^ the 
left cursor moving left and the right cursor moving right thus producing, 
when viewed stereoptically on the Fresnell screen, the effect of movement away 



from the viewer into the scene. Further details of the measurements and 
method of obtaining range using this system are discussed in Section 4.5. 

Ambient lighting at the subject's station was provided by one 50 watt 
incandescent bulb mounted in a lamp to the left and behind the Fresnel 1 dis- 
play. Light intensity from this source was 1.94 lumens/sq. meter measured by a 
Tektronix model J-16 digital photometer at the position of the subject's 
head when viewing the Fresnel 1 stereo system. 

The experimenter's station contained a pair of repeat monitors showing 
the video inputs to the Fresnell system. Video control equipment included 
remote focus, zoom and iris controls for both cameras; a Tektronix type Rm-529 
NTSC television waveform monitor which could be switched to monitor either of 
the two video images and the switching, signal injection/modification equip- 
ment described in Section 3.0 of Reference 1, The only signal modification 
performed in this experiment was the use of the T*0 MHz bandwidth lijnitation 
option during one half of the experimental trials. 

The target consisted of a 15.2 cm (6 in.) diameter, white, translucent 
globe lit from within by a 7.5 watt incandescent bulb. Without any other 
illumination, this globe radiated 1.94 lumens/sq. meter. During testing 
with the overhead lights on, it measured 5.49 lumens/sq. meter as measured by 
a type J-16 Tektronix digital photometer at a distance of 23 cm (9 in.). This 

globe was mounted on a tripod which was draped with non-reflective black cloth 

1 . . 

such that when the camera contrast was set for experimental purposes , lonly 
the globe appeared in the scene. In order ta p contrast to the 

globe and to provide the subject more ease in locating the center of the 
globe, one-half inch wide, black, non-reflective tape was placed vertically 

T'- ■ 4 _ 3 ' ■ 
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and at 30 degrees from vertical across the face of the target globe as shown 
in Figure 4-1. The height of the tripod was adjusted so that the center of 
the globe was at the same height as the camera lens center point. 

The video system consisted of a pair of COHU model 2000 television cameras 
fitted with COHU model 2305, 20 to 80 mm zoom lenses mounted on a base plate 
which allowed independent movement of the rear of the camera body about a 
vertical fulcrum point located immediately beneath the front of the vidicon 
tube face as shown in Figure 4-2. The distance between these two fulcrum 
points {camera baseline) was 12.1 cm (4.75 in.}. All ranges and convergence 
point distances were measured from a point equidistant from each fulcrum point 
along the 12.1 cm (4.75 in.) baseline of the stereo camera pair as shown in 
Figure 4-2. Convergence distance was set at 152.4 cm (60 in.) by • - 

orienting tfie..camera lines of sight so as to superimpose, on the Fres- 
nell display, an object placed at this distance. Iris, zoom and focus func- 
tions were controlled from the experimenter's console. For this experiment, 
the zoom lenses were set to provide a 3:1 object size/display size ratio with 
the object being viewed at the 152.4 cm (60 in.) convergence point. 

4.3 EXPERIMENTAL DESIGN - 

■ /I '' 7 :.,;' ^ 

The independent variables manipulated during the testing were: 

• Background Condition - Low complexity (Unliqhted, black background) 

High complexity (Lighted background) 

,1 ‘ r 

• Target Distance - Seven target distances: 152.4 cm (60 in.), I 

213.4 cm (84 in.), 274.3 cm (108 in.), 335.5 cm ‘‘ 

: (132 in.),' 396.2 cm (156 in.), 457.2 cm (180 in.), _ 

518.2 cm (204 in. ) . : 

• Target Angle - Three target angles: at 0 degrees to camera pair 

centerline and off set 8 degrees to the left and "A 

right of this centerline. 

at 


I 





Figure 4-^2: Overhead View of Stereo System and Base Plate 
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All expen mental trial conditions were randomized with no replications 
for a total of 168 trials per subject, 840 trials total. The trials were 
blocked for presentation to the subjects to compensate for learning effects. 

Dependent measures were: 

t Response Time - The time from presentation Of the scene 

until the subject had completed the 
ranging task. 

• Accuracy of Cursor Alignment - The counter reading showing the 

number of microseconds delay between the left 
and right monitor cursors. 

4.4 SUBJECTS 

Initially five subjects were selected for testing, all of whom were given 
a standard Orthorator examination at the Marshall Space Flight Medi cat Center. 
However, it was discovered that not all subjects could achieve stereopsis of 
the stereo cursor and scene for this series. In order to obtain sufficient 
test subjects, attempts were made by a total of nine persons to perform the 
testing. Of these, four persons could not, after attempting the trials, con- 

■ i' 

sistently view the cursor with depth perception. 

Of these four potential subjects who could not use the Fresnel 1 stereo 
system, two were unable to achieve image fusion at very low level s^W linear 
disparity. During the instruction phase, when they were initially shwn a 
scene for practice using the system, they stated that they could see only 
two separate images. Then, with coaching from the experimenter, they 
attempted to converge the target globe image at the fourth target position. When 
they were unable to do this, the experimenter moved the globe forward to the 
convergence point where the subjects were experiencing no linear disparity. 

At this point both subjects saw a single image. While the subjects observed 
this image, the experimenter moved the target slowly away from the stereo 
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camera pair in an attempt to gradually increase the disparity. In both cases 
the two subjects were unable to maintain fusion of the images. Both stated 

i 

that at no time while observing the scene were they ever able to achieve 
stereopsis except at the convergence point distance. The other two subjects 
were both able to fuse, according to their statements, the target globe at 
target distance four, but when actual testing was commenced, they were unable 
to maintain image fusion consistently at that distance and almost never at 
the greater distance. 

Normally in viewing objects at distances less than 3 to 6 meters away 
using unaided binoc^jlar vision, compulsory convergence and automatic accommoda- 
tion occur simultaneously. That is, when looking at ah object less than 6 
meters away, the eyes are pointing inward at some angle so that both eyes point 

or converge on the object. Simultaneously, the lens curvature is changed to 
bring the object into sharpest focus. In other artificially created stereo 
imaging devices such as the stereoscope or the child's View- 
Master, the images are presented to the subject at maximum disparity, i.e., 
the interocular distance. The devices are equipped With lenses which change 
the focusing requirements such that the eye is caused to focus at infinity. 
Therefore, there is no conflict between the convergence and accommodation 
requirements. The same was true of the 3-D movies of the 1950's and 1960's. 
Although there were disparate images being presented to the viewer, the screen 
was usually located at distances greater than the 6 meters so that again the 
accommodation point was at or near infinity. In the Fresnel 1 system, the 
screen is viewed from approximately 48.3 cm (19 in.) away from the the viewer, 
and, in order to maintain the scene in focus, the viewer must always focus 



both eyes at a distance of 48.26 cm (19 in.). However, when disparate images 
are presented, the viewer is required to converge his eyes at a point which 
would normally require focusing of the eye at much greater distances. This 
creates a conflict which, in order to be resolved, may require eye muscle 
skills which are not strongly developed in the majority of the general popula- 
tion and which are not predicted by the present visual acuity tests administered 
to the subjects. It is believed that this skill can be learned since one of 
the experimenters in this testing was originally unable to use the Fresnell 
system but has, with practice, become proficient in fusing disparate images. 

This inability to converge disparate images is not unique to this experi- 
ment, and since the purpose of the experiment was to evaluate the ranging 
ability of the system, subjects who could not perform were eliminated from 
the testing until five were obtained who appeared to be able to perform the 
test task consistently. 

4.5 PROCEDURE 

All equipment was energized at least 30 minutes before each test session 
to ensure stabilization prior to calibration. Before each test session, all 
equipment settings, video signal levels and light levels as outlined in Section 

4.2 were checked to ensure consistency throughout the testing sessions. 

The subject was seated at the Fresnell console and a set of standard in- 
structions. Appendix A, was read to him. These instructions explained the 
system and the experimental procedure and gave subjective instructions on the 

best way to use the system. As part of the instructions, he was shown a copy 
of a line drawing of the target globe with the two required cursor position 
alignments (Figure 4-1 ). In addition, he was shown a scene of the target object 


and cursor and allowed to practice alignment several times until it was felt 
that he clearly understood the operation of the stereo cursor. As soon as 
the subject indicated that he understood the operation of the system and the 
experimental requirements, his scene was terminated and the first experimental 
conditions were set up. The subject was then told whether to align the cursor 
to the right or at the center of the target globe, given a verbal "ready" by 
the experimenter and presented with the scene via the Fresnel 1. Presentation 
of the scene automatically started timing equipment. The subject then aligned 
the stereo cursor with the target, either to the right of the globe or at the 
center as instructed. When this had been accomplished, the subject terminated 
the scene using the hand held switch which also stopped the automatic timing 

!'■ i . , ■ 

equipment. The experimenter recorded the response time and the subject called 
out the counter reading from his console . The counter reading was used to 
determine the amount of alignment error. 

The experimenter then selected another set of test parameters and repeated 
the process described above until the test sequence block was completed. To 
ensure absolute certainty that fatigue did not become a factor, no test session 

-i ■ ‘ ^ ^ 

was longer; than 45 minutes since subjects had used the system for periods up to 
one hour without reports of tiredness. 

4.6 RESULTS t 

The dependent measures obtained from this testing wehe response time and the 
sweep delay in micro-seconds between the left and right cursors. In order to 
obtain range errors , these delay values had to first be converted to range esti- 
mations. 

Since linear disparity, D, can be calculated from the formula: 

D = BK/C - BK/R, where B is the stereo camera baseline distance; K is 
a constant determined by the image size ratio; C, the convergence distance and 



R, the actual viewing range, then the apparent range of the cursor, R, can 
be calculated providing the linear disparity between the two cursors is 
known. (Derivation and explanation of these and subsequent equations are 
contained in Ref. 2). 

To determine linear disparity between the two cursors, they were set to 
a' measured physical distance of 2.54 cm (1 in.) by displaying both on the same 
TV screen. At this value of linear disparity the sweep delay counter reading 
was 5,77 micro seconds. This yields a direct linear conversion Of micro 
seconds delay into linear- disparity of 2.27 micro sec/ cm (5.77 micro sec/in.). 
These calculated values of disparity are listed in Table 4-1 along with average 
observed delay readings obtained by averaging the range settings of experienced 
visual laboratory personnel for each of the seven target ranges employed. From 
these data it can be seen that the calculated disparities do not deviate sig- 
nificantly from those empirically determined using experienced operators. The 
deviations osberVed are most likely due to slight non-linearity of the tele- 
vision sweep signal of the two television monitors employed. 

Since the delay can be found by the formula: 

X = 2.27 micro sec/cm x 0 where X is the delay in micro seconds and 
D is the linear disparity in centimeters, then: v 

D = X/2.27 micro sec. /cm ’ 

and, substituting this value for D in the formula for linear disparity: 

X/2.27 micro sec./cm = BK/C - BK/R. 

In the present laboratory setup, B is equal to 12.07 cm (4.75 in.), K is 
50.8 and the convergence distance, C, is equal to 152.4 cm (60 in. ) therefore: 
BK = 241.3 and BK/C = 1.583 
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Table 4-' 

1: Image Size and Error Percentages for 

STEREO DATA 

1 

Stereo and Monoptic Ranging Aids 
MONOPTIC DATA 

Target 

Image 

1 

Mljvable Cursori 

Image 

Fixed Ciirsor ' 

Movable Cur|Sor 

Range 

Size (cm) 

' % Error i 

Size (cm) 

% Error 

% Error 

69 : 

i 5.08 

4.9 

.75 

24.9 

6.5 

1 

84 

3.62 

7.9 

1.25 

14.2 . 

3.4 

108 

1 

^ 2.82 

8.0 

2.00 i 

4.4 

3.3 

132 

2.31 

12.3 : 

3.50 

5.3 

1.8 

156 

1.95 

18.1 1 ^ 

5.00 , 

3.1 

1.3 

180 

1.69 

26.4 

6.50 i 

1 

4.6 

1.2 

204 

1.49 

27.6 

8.00 

2.4 

1.4 




9.50 

2.3 

1.2 




11.00 

1.3 

1.1 
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and, solving for R in the equation D - BK/C - BK/R and substituting into 
this formula the values of BK and BK/R yields: 

R (estimated) = 241.3 x 2.27/(9.1339 - X) (X less than 9.1339) 
where R is the range estimate and X is the counter reading in micro seconds. 

Usihg this formula, a computer program was written to convert all reported 

1 . . ^ ■ , 

micro second delay readings into range estimations. Using these estimates, a 
second computer program was written which converted these range estimates 
into per cent error values using the following formula: 

Per Cent Error = (Range Estimate - Actual Range)/Actual Range. 

The results of a six way analysis of variance of these per cent error 
values is shown in Table 4-2. The error as a function of target range was 
significant (a<.01) and is plotted in Figure 4-3. The only other factor found 
to be significant (a<.05) by this analysis was the error percentage as a result 
of interaction between target range and the viewing angle relative to the center 
line of the stereo camera pair. These interactions are shown in Figure 4-4. 

In order to effectively compare the error percentages found in this 
testing with those found in range estimation testing using monoptic ranging 
aides, actual ranges could not be used. In the B-3 test series reported in 
Reference 3, using monoptic reticles and a movable cursor to estimate range, 
the range estimation had been dependent on target image size and the range 
error derived from error in the subject's estimation of the image size. Since 
the presented image size, I, is equal to KT/R, where K is a systems constant 
dependent on the image to physical size ratio; T, the actual size of the object 
being viewed; and, R, the range to the target, then the viewed image size of the 
globe used in this testing can be derived at each target range. These conver- 
sions were completed for each target range and are listed, along with the image 



Table 4-2: Analysis of Variance, Per Cent Range Error f\\ 


SOURCE 


SS 

1 

MS 

F RATIO 

MEAN 

1 

15.18656 

15.18656 

130.039 

BACKGROUND (B) 

1 

.04344 

.04344 

.609 

DISTANCE (D) 

6 

4.84157 

.80692 

4.909 ** 

CURSOR POSITION (C) 

1 

.ljl480 

.11480 

2.528 

ANGLE (A) 

2 

.51416 

.25708 

7.483 

BANDWIDTH (W). 

1 

.56735 

.56735 

9.463 

SUBJECTS (S) 

3 

.35036 

.11678 


BD 

6 

.51526 

.08588 

1.901 

BC 

1 

.00541 

.00541 

.223 

DC 

6 

.30945 

.05157 

.882 

BA, 

2 

.2,7229 

.13615 

1.124 * 

DAI ^ •! - 

12 

1.07062 

.08922 

1.891 

CA i 

2 

.30005 

.15003 

1.395 

BW| ; 

1 ; 

.16999 

.16999 

4.349 

DW' 

6 " 

.43416 

.07236 

2.753 

CW 

1 

.03639 

.03639 

.707 

AW 

2 

.26229 

.13115 

3.907 

BS 

3 

.19869 

.06623 


DS 1 

18 

2.95887 

.16438 


cs[ 

3 5 

.13623 

.04541 


AS 

6 

.20764 

.03460 


WS 

3 

.17987 

.05595 


BDC 

6 

.lb818 

.01802 

.453 

BDA 

12 

.63318 

.05277 

1.567 

Bc;^ 

2 ! 

! .14843 

|. 07422 

1.863 

DCA " 

12 

.48836 

1.04069 

1.011 

BOW 1 

6 

.10070 

.01784 

.516 

BCW ^ 

1 

.01584 

.01584 

9.075 

DCW 

6 

.09296 

.01549 

.381 

BAW 

2 

.14007 

.07004 

.956 

DAW 

12 

1.17615 

.09801 

1.858 

CAW 

2 

.06210 

.03105 

2.161 

BDS 

18 

.81317 

.04518 


BCS 

3 

.72914 

.02431 


DCS 

18 

1.05280 

.05849 


BAS 

6 

1 .72669 

.12111 


DAS 

36 ’ 

' 1.69880 

.04719 


CAS 

6 

.64530 

.10755 


BWS 

3 

.11721 

.03907 


DWS 

18 

.47312 

.02628 

j 1 

CWS 

'3 

.15450 

.05148 

, , 

AWS 

6 

.20142 

.03357 


BDCA 

12 

.77539 

.06462 

1.999 

BDCW 

•6 

.15413 

.02569 

.676 

BDAW 

12 

.92832 

.07736 

1.574 
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Table 4-2: 

Analysis 

of Variance, Per Cent Range 

Error (Continued) 

SOURCE , 


SS 

MS. 

F RATIO 

BCAW 

2 

.02248 

.01124 

.133 

DCAW 

12 

.83328 

.06944 

1.189 

BDCS 

18 

.71710 

.03984 


BOAS 

36 

1.21191 

. 03366 


BCAS 

6 

.23900 

.03983 


DCAS 

36 

1.45000 

.04027 


BOWS 

18 

.58542 

.03252 


BCWS 

3 

.00523 

.00175 


DCWS 

18 

.73285 

.04071 


BAWS 

6 

.43878 

.07313 


DAWS 

36 

1.89948 

.05276 


CAWS 

6 

.08619 

.01437 


BDCAW 

12 

.53278 

.04439 

1.1646 

BDCAS f 

-36 

1.16370 

.03233 


BDCWS 

18 

.68360 

.03800 


BDAWS 

36 

1.76917 

.04914 


B.CAWS 

6 

.50843 

.08473 


DiCAWS 

36 

2.10218 

.05840 


BbCAWS 

36 

1.37238 

.03812 



** P<.01 
* P<.05 






cm 152.4 

(in.) ( 60 ) 


213.4 

(84) 


274.3 

(108) 


335.3 


396.2 
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(204) 
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Figure 4-4: Per Cent Range Estimation Error by Target Range and Viewing Angle 


sizes from the B-3 test series, in Table 4,2. 

Since, for the present stereo camera setup, K is equal to 50.8 and the 
globe diameter (T) is 15.24 cm (6 in.), then KT is equal to 304.8 cm which, when 
divided by each target range, yields the image size of the globe as presented 
on the Fresnell display. The percentage range errors for movable cursor, 
fixed reticle and stereo cursor range estimations are plotted as a function 
of image size in Figure 4-5. 

As can be seen from Figure 4-5, the ranging ability of the stereo cursor 
system results in a higher overall error percentage than either of the two 
monoptic systems previously evaluated. It should be noted, however, that range 
estimation using monoptic aides requires that the size of some object at the 
ranging distance be known while the stereo cursor system can be utilized to 
estimate range to any object in the viewing field. 

The response time data were also subjected to analysis of variance, the 
results of which are shown in Table 4-3. Three of the independent variables 

sufficiently influenced the results to be significant (a<. 05). These were 

[ 

target range, viewing angle and bandwidth limitation. Three and four way 
interactions involving viewing angle and bandwidth limitation were also signi- 
ficant (a<.05). However, these are continuations of the original single in- 
fluences and are not discussed separately. 

Response time as a function of target range is shown in Figure 4-6 which 
shows a much greater time requirement at the two nearest target ranges, then 
a slpw, near linear increase to the greatest target range. Since this task 
required alignment of the cursor with specific target areas, this could have 
been the result of the subject having to spend more time in moving the cursor 
in the X - Y plane since the target image size increases as the inverse of the 
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TARGET niAGE SIZE (CM) 


Finure 4-5: Per Cent Range Error as a Function of Imane Size 

for Fixed Reticle, Monontic and Stereo Cursor Ranoinq Aids 




Table 4-3: Analysis of Variance, Response Time 


SOURCE 

DF 

, ss 

MS 

F RATIO 

MEAN 

1 

214184.6 

214184,6 

29.310 

BACKGROUND (B) 

1 

40.17203 

40.17203 

3.872 

DISTANCE (D) 

6 

2912.010 

485.3450 

2 .750 

CURSOR POSITION (C 

) 1 

6.785908 

6.785908 ; 

.048 

ANGLE (A) 

2 

822.5337 

411 .2669 

8.000 

BANDWIDTH (W) 

1 

73.98859 

73.98859 

10.341 

SUBJECTS (S) 

4 

29230.08 

7307.520 


BD 

6 

■194.2897 

32.38101 

1.332 

BC 

1 

9.621132 

9.621132 • 

.845 

DC 

6 

528.0337 

88.00812 

1.700 

BA 

2 

38.35172 

19.17586 

.415 

DA 

12 

494.5950 

41.21500 

1.468 

CA 

2 

2.088755 

1.044377 

.027 

BW 

1 

39.56265 

39.56265 

.499 

DW 

6 

249.2116 

41.53531 

1.062 

CW 

1 

39.47672 

39.47672 

2.670 

AW 

2 

52.05484 

26.02742 

1.481 

BS 

4 

41.50015 

10.37504 


DS 

24, 

4235,270 

176.4694 


CS 

4' 

571.9087 

142.9772 


AS 

2 

41 p. 4075 

51.42594 


WS 

4 

28.61824 

7.154560 


BDC 

6 

140.8053 

23.46785 

.318 

BDA 

12 

524.8775 

43.74039 

1.433 

BCA 

2 

40.09000 

20.04500 

.359 

DCA 

12 

725.3462 

60.44547 

1.831 

BDW 

6 

227.9069 

37.98453 

1.362 

BCW 

1 

2f. 10555 

24.10555 

2.030 

DCW 

6 

227.1022 

37.84976 

.859 

BAW 

2 

104.0472 

52.02359 

4.640 

DAW 

12 

1163.567 

96.96515 

2.240 

CAW 

2 

372.6731 

186.3366 

i 5.575 

BDS 

24 

583.3775 

24.30769 


BCS 

4 

45.55875 

11.38969 


DCS 

24, 

1245.755 

51.90640 


BAS 

8 

1 370.0012 

46.25015 


DAS 

48, 

V 1347.505 

28.07234 


CAS 

8i 

, 305.5637 

38.19547 


BWS 

4 

316.9544 

79.23859 


DWS 

24 

938.2837 

39.09390 


CWS 

4 

59.14859 

14.78715 


AWS 

8 

140.6334 

17.57918 


BOCA 

12 

754.6275 

62.88492 

1.910 

BDCW 

6 

266.7356 

44.45523 

.916 

BDAW 

12 

419.8762 . 

34.99039 

.590 

8CAW - 

2 

82.66047 

41.33023 

.448 


Table 4-3: Analysis of Variance, Response Time (Continued) 


SOURCE I DF SS 


MS F RATIO 


DCAW i 

12 

728.5337 

60.71109 

BDCS 

24 

1771.005 

73.78937 

BOAS 

48 

1465.442 

30.53035 

BCAS 

8 

446.9075 

55.86344 

OCAS 

48 

' 1584.817 

33.01773 

BOWS 

24 

669.1587 

27.88191 

BCWS 

4 

47.49234 

11.87309 

DCWS 

24 

1057.942 

44.08023 

BAWS 

8 

89.69953 

11.21244 

DAWS 

48 

2077.885 

43.28922 

CAWS ; 

8 

267.3919 

33.42398 

BDCAW 

12 

346.2669 

28.85555 

BDCAS r i 

48 

1580.442 

32.92594 

BDCWS I 

24 1 

* 1164.942 

48.53922 

BDAWS 

48 

2848.010 

59.33414 

BCAWS 

8 

737.5025 

92.18781 

DbAWS 

48 

1283.567 

26.74129 

BDGAWS 

48 

2345.635 

48.86734 


2.270 * 


.5905 


** P<.01 
* P<.05 
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RESPONSE TIME (SEC.) 






target range. If this were the case, one would expect the response time to 
decrease as a linear inverse of the target range which it does not; therefore, 
another explanation although more complex is considered plausible. 

In the stereo system, although the disparity increases as a function of range, 
the change in linear disparity over a given change in range decreases with 
increasing range. This results in much stronger stereo cues at those points 
immediately at and slightly beyond the convergence distance. For this reason, 
the subject would use more time in performing the more critical alignment 

j • ■ . ■j' 

possible due to the presence of the more obvious stereo cues available to him 
at the near target positions. This would account for the decrease in task 
time up to target position three. At this point the change in disparity 
factor becomes negligible; however, the difficulty of achieving stereopsis 
would then become a factor (Reference T). Due to this difficulty of achieving 
stereopsis, response time would increase at an almost linear rate. 

The response time as a function of target angle is shown in Figure 4-7. 
Since each presentation of the target to either side of the display requires 
additional manipulation of the Y coordinate axis control, this additional time 
requirement could have been predicted. If one considers the time required to 
traverse the entire width of the screen to be equal to some arbitrary unit, S, 
then since one-third of the trials require placement of the cursor at the left 
side of the screen, one-third to the right and one-third to the left of center, 
then for all center target alignments an approximate equation of required 
movement could be written: 

.5 S + .5 S + 0 S = 1.0 S 
and 

1.0 S + .5 S + O S =1.5 S for target alignments to either side of 
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the center, therefore it would be expected that task time would increase for 
targets to either side of the center, 

Bandwidth limitation on the stereo viewing system produces a slightly 
less sharp edge definition on the target making it more difficult to precisely 
align the stereo cursor thus resulting in more time being required to perform 
the 'task. This did not, however, significantly affect the accuracy of the 
range estimate. The response time differences are shown in Figure 4-8. 

The most significant result of this testing was the overall time require- 
ment for the task performance compared to the task time requirements for range 

estimation using monoptic ranging aides. In tHe testing using fixed reticles, 

! 

the overall average response time was 4.06 seconds; with movable monoptic 
cursor, 5.62 seconds; and with the present stereo system the overall mean was 
15.97 seconds, over three times the time required for the monoptic modes. 

Using a fixed reticle, the subject was required to simply observe the target 
overlaid with the concentric reticles and estimate the image size by counting 
the reticles. In the monoptic range estimation using a movable cursor, the 
subject again observed the scene and moved a single axis cursor to the right 
side of the image. The present testing required manipulation pf a cursor in 
bothi' X and Y planes and along a 2 axis while maintaining fusion of disparate 
images. Half of the trials required ranging to the center of the target and 
one half to the right side. In addition, the targets were presented at three 
different positions on the screen. Considering the additional complexity of 
the stereo cursor testing, this time increase does not appear to be unreason- 
'.able.. ^ , , 
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Figure 4-8: Response 
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4.7 RECOMMENDATIONS 


By observing Figure 4-4, it can be seen that the angle of viewing had a 
strong effect on the ranging ability {a<.05). However, if one uses only the 
data from angle 2, target centered in the field of view, the ranging ability 
of the stereo system near to and at the convergence point appears to be nearly 
equal to that shown by the monoptic aids. At the convergence point, the 
error is equal to less than one per cent (1%), which is less than either of 
the |monoptic systems. This could result from the fact that the Fresnel! sys- 
tem provides the strongest changes in stereo cues (linear disparity) for a 
given change in range near to and at the convergence point. 

' I . ■ 

I Due to this fact and the difficulty of using the system when significant 
greater than 1.5 cm (.6 in.)] linear^ disparity is experTenced, it is believed 
that viewing using this system should be limited to areas at or slightly 
beyond the convergence distance. If this requirement were to be met, the 
stereo camera pair would have to be fitted with remote convergence mechanisms 
which would allow the operator to change the convergence distance when viewing 
at different ranges. This would result in lower levels of conflict between 
convergence and accommodation requirements since with variable convergence, 
the disparities occurring would be within the range of almost any operator's 
capability to fuse them. In addition, ranging would be performed at the points 
of greatest change in disparity for a giv change in range which would provide 
the cues necessary for accurate ranging. 


If remote convergence capabilities are included in a future system, it 
is believed that more accurate ranging coqldrbe performed by using the camera 
convergence angles to determine the range to an object. This could be 


accomplished by temporarily rotating the Fresnel 1 screen 90 degrees so that 



both stereo camera views v^ere presented to the operator as two separate dis- 
parite images. Thus, by simply superimposing one object over the other using 
the convergence capability, similar to a split image rangefinder, the range 
to that object could be obtained. 

This method would again result in freedom from havino to range only to 
known object sizes, as is necessary with monoptic aids and could result in 
greater accuracy than that of the systems tested. 



5.0 COLOR DISCRIMINATION - PHASE 2 TEST 

5.1 OBJECTIVE 

The objective of this experiment was to determine the human operator's 
ability to discriminate between paired color samples presented via a color 
television system. 

5.2 APPARATUS AND PROCEDURE 

In previous visual system experiments, it was determined that from a 
sample of 80 Munsell color chips, 15 were maximally discriminable (Reference 


1) and might be useful in color coding visual information to a human operator. 
These 15 color samples were arbitrarily numbered with the number corresponding 
to the following Munsell notations: 


Chip Number Munsell Notation 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 


2.5 

R 

4/14 

3.75 

R 

4/14 

8.75 

R 

MAX 

6.25 

YR 

MAX 

8.75 YR 

MAX 

2.5 

Y 

8/16 

2.5 

GY 

7/12 

7.5 

GY 

6/12 

7.5 

G 

5/10 

7.5 

G 

4/10 

7.5 

BG 

4/8 

3.75 

PB 

4/12 

10 

P 

5/12 

10 

P 

4/12 

5 

RP 

3/10 


Two sets of 6.35 cm (2>5 in.) by 7.6 cm (3 in.) Munsell color chips of 
the fifteen colors were obtained by cutting the standard 7.6 cm by 12.7 cm 
(3 in. by 5 in. ) Munsell color chip in half. Each set was then mounted on a 



55.8 cm (22 in.) diameter wheel, and both wheels were mounted in a frame to 
allow rotation of the wheels. The face of the frame provided masking of all 
of the color chips, except a particular one chosen for display. An aperture 
with a diameter of 5.08 cm (2 in.) was provided for both wheels with the two 
apertures separated by 5.08 cm (2 in.) as shown in Figure 3-2. The color 
chip display frame was illuminated to a level of 969 lumens/sq. meter by two 
Colortran 104-311 studio Tights. The two lights were directed at the display 
frame so no reflectance was obtained from the color chips. The task scene 
was viewed by a Sony DXC-5000B color television camera. Other apparatus in- 
cluded a Tektronix 1420 NTSC vectorscope and NTSC color bar generator to 
assure appropriate phase relationships to the subject's monitor. A Tektronix 
model RM 129 waveform monitor was used to monitor correct brightness and con- 
trast of the video signal. Cabling, power equipment, a Sony CO- 101 synch 
generator and associated components were located inside the test area. At 
the subject's station, the ambient light level was set at 2.15 lumens/sq. meter 
measured at the TV monitor face. 

The task scene was displayed at the subject's station using a Sony Trini- 
tron DVM- 1200. 30.5 cm (12 in. diagonal) color TV monitor. The subject viewed 
the scene while seated at a display console with the subject's eye to monitor 
distance approximately 71 cm (28 in.) and the viewing attitude declined 15° 
form the horizontal. 

The subject was read a set of standard instructions prior to testing 
(Appendix B) and asked if he understood the task to be performed. Following 
the instructions, the experimenter left the subject's station and proceeded 
to set up the first experimental trial . 


At the beginning of a test trial, the subject's monitor was blank. The 
experimenter selected a color pair from a randomized list of all experimental 
combinations. The pair was then presented to the subject who made a deter- 
mination as to whether or not the chips were the same color. Each color was 
paired with itself as well as other selected colors. As soon as the subject 
made his determination, he depressed a handheld switch which terminated his 
display and stopped the timing equipment at the experimenter's station. He 
then reported his determination which was recorded by the experimenter with 
the response time. The experimenter set up the next color pair and repeated 
the sequence until all 270 test trials had been completed. The confusion 
matrix from which the trials were derived is given in Table 5-1. 


5.3 EXPERIMENTAL DESIGN 

, The relative probabilities of confusing different colors among a total of 
80 samples have been reported in Reference 1. By preparing an 80 x 80 element 
confusion matrix using these 80 color identifiers as the X and Y coordinates, 
it was possible to determine those color samoles which yielded the least pro- 
bability of confusion with others. This confusion matrix is shown for color 
chips 1 through 20 of the original set in Table 5-1. By looking across- the top 
row for chip number 1, it can be seen that the probability of it being per- 
ceived as "identical" by a subject when paired with itself is equal to 1; with 
color chip number 6 the probability drops to .122 and as the color chips change 
in hue as one travels to the right across the row, it drops to .020 at color 
chip 16 and to zero at chip 17. r 

The 15 chips under consideration in this experiment were obtained by 
selecting those colors which had the least amount of vertical overlap in the 



COLOR CHIP NUMBERS 


COLOR CHIP NUMBERS 



1 

2 

3 

k 

5 

e 

7 

8 

3 

10 

1 1 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

1 

1 

0£ 1 

m3 

306 

388 

122 

143 

14 3 

m 3 

122 

14 3 

04 1 

020 

020 







2 


1 

18£ 

306 

245 

367 

429 

429 

429 

36 7 

429 

122 

06 1 

061 







3 



1 

306 

245 

36 7 

429 

4 2 9 

429 

4 2 9 

122 

061 

06 1 








h 





5 31 

612 

7 i 4 

714 

714 

612 

714 

204 

102 

102 







S 





1 

490 

571 

571 

571 

490 

571 

16 3 

0 82 

0 82 







6 






1 

857 

857 

057 

755 

857 

347 

24 5 

245 

143 

143 

143 

143 

122 

102 

7 







1 

1 

1 

B5 7 

1 

286 

143 

14 3 







8 








1 

1 

257 

1 

14 3 

143 








9 









1 

657 

1 

286 

143 

143 







10 










1 

857 

1 

206 

143 

143 






11 











1 

2 86 

143 

143 



• 




12 












1 

653 

653 

714 

714 

714 

714 

612 

510 

13 













1 

714 

85 7 

6 57 

857 

857 

735 

612 

l>t 














1 

857 

6 57 

857 

857 

73 5 

612 

15 















1 

1 

1 

1 

857 

714 



Table B-l; Confusion Matrix Siiowing Probability of Confusing Sample Chips 
1 through 20 of the Original 80 Chip Sample 
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probability listing; that is, their probabilities of being confused were 
closest to being zero. To provide additional color samples, those five colors 
immediately to the right of each of the 15 chosen were also included in the 
sample set. This resulted in 6 x 15, or 90 color pairs. Each pair was pre- 
sented to the subject three times for a total of 270 trials for each of 
five subjects. All trials were presented in random order. 

The subjects were all males ranging in age from 19 to 46 years in age. 

Each was screened for normal vision using the standard orthorator visual tests. 

Dependen'. measures during thb tests included: 

• Response accuracy 

• Response time. 

The control variables were set as follows: 

f Camera to task board distance - 121.92 cm (4 ft) 

• Illumination at task site - 969 lumens/sq. meter 

$ Transmission conditions - analog signal, 4.5 MHz 

>32 db S/N ratio 

t Contrast and brightness at subject's monitor - 

Signal set at Max 80 NTSC units Max video background 
level and ^15 units color chip. The subject's 
monitor was initially set, measured and maintained 
throughout all trials at these input conditions. 

• Color phase (hue) to subject's monitor - initially set 

using color bar pattern. 

Checked before and after each test session . 

White purity calibration procedure completed prior 
to each test session. 

• Light level at subject's monitor - 2.15 lumens/sq. meter 

• Subject to monitor distance and attitude - 7T,:1 cm (28 in.) 
i at 15° decline from horizontal. 

f Field of View - set to accommodate the two chips- such that 
chips are presented with a 1.5:1 ratio. 

The Visual System Evaluation Laboratory has controlled access during testing 
to eliminate interruptions, and the subject is isolated in a comfortable station 
to minimize confounding environmental effects. 




5.4 RESULTS 

After administering the complete test sequence of 155 color combinations 
to four subjects, errors had occurred in only eight color combinations. Seven 
of these error types were the result of perceiving the same color pair as being 
different. In only pne combination involving pairing color chips 1 and 2 were 
different colors mistaken for the same color. These combination error percent- 
ages are shown in Table 5-2; all other possible combinations were correctly 
discriminated. 

It was suspected that the apparent color difference between chips could be 
due to a phase shift in the 3.58 MHz sub-carrier since the colors were being 
presented side by side along the horizontal plane of the monitor. Therefore, a 
second test sequence was run with the chips vertically oriented, one over the 
other. The combinations tested were those which had been previously mis-identi- 
fied in ,fhe first test. The error percentages from this test are shown in 
Table 5-3. All other possible combinations were correctly identified. The 
results from the vertically oriented chips are similar to those when the chips 
were oriented horizontally. During this retest portion, one subject stated 
that he was identifying the chips as different due primarily to a difference 
in brightness and not in hue. A check of the video waveform showed that there 
was a decreasing difference in brightness level from top to bottom of the video 
signal of approximately three NTSC units between the two chips. This was com- 
pensated for by adjusting the light levels such that there was no measurable 
differences between chips, with the result that no errors were made with the 
vertical orientation except in the case of chips 1 and 2, and 2 and 2; 

An attempt was made to determine if the chips presented via color tele- 
vision viewing could be absolutely identified when presented one at a time. 
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Table 5-2: Per Cent Incorrect Responses for Paired Color Samples, 

Horizontally Oriented 


CHIP COMBINATION 
NUMBERS 

1 2 

2 2 

4 4 

6 6 

7 7 

8 8 

9 9 


PER CENT INCORRECT 
RESPONSE 

41 

22 

I 

50 

64 

30 

33 

38 


Table 5-3: Per Cent Incorrect Responses for Paired Color Samples, 

Vertically Oriented 


CHIP COMBINATION 
NUMBERS 

12 

2 2 

4 4 

6 6 

7 7 

8 8 

9 9 


PER CENT ERROR 
83 
40 
44 
33 
43 
71 
50 


This was accomplished by having the subject observe the comparison chip by 
direct viewing as the test chip was being presented on the TV monitor. This 
could not be successfully accomplished since the color of the chip as seen on 

color television was significantly changed in hue from what was perceived in 

I 

direct viewing. Attempts to compensate for this change, that is, to equalize 
the color for one part of the spectrum, resulted in further color shift in 

I " ' 

other portions of the spectrum. 

The same color comparison test using the color pairs which had been pre- 
viously mis-id&ntified was performed in the MSFC Ccmiiiuni cation Center televi- 
sion studios. The camera used was an RCA TA-44 studio camera which utilized 
three plubicon tubes to generate the green, red and blue colors signals. This 
camera was directly connected via a console switcher to a Tektronix TM-462B 
color television monitor. The scene was evenly lit and the trial; sequence was 
presented to three subjects. Under these conditions all subjects could easily 
identify the chips as the same or different with the exception of chips 1 and 2 
which continued to be identified as alike in approximately 50 per cent of the 
trials administered. 

From these tests, it appears that there are three major effects on the 
ability of the subject to discriminate colors using color television systems. 
These are: 

1. Phase shift of the 3.58 MHz subcarrier as the horizontal 
sweep traverses the monitor screen. 

2. Small signal level differences between colors due to 
unequal sensing response of the camera or due to unequal 
scene lighting. 

3. The fact that the colors are not faithfully reproduced by 
the television system in the same tones as are seen with 
di rect viewing. 



All three of the above factors are dependent on the quality of the video 
equipment and lighting. From this testing, hovyever, it appears that when 
using an inexpensive system such as the Sony cameha and monitor utilized for 
this test, there are 14 colors which can be identified; without error provided 
they appear at near equal illumination. These 14 are the original set minus 
color chip 2, 3.75 R, 4/14. The color shift due to subcarrier instability with 
these colors does not appear to be sufficiently large enpugh to cause confusion 
of these 14 colors. It is, however, sufficiently Targe enough to cause the 
colors to appear dissimilar, in fact, when the same colors are compared. 

If absolute identification of a certain color is necessary, it cannot 
be accomplished via color comparison samples which are directly viewed or 
previously learned. It would be possible, however, if the sample could be, 
placed in the same physical area as the color to be identified such that they 
both were subjected to the same illumination and hue changes caused by the 
characteristics of the video viewing system. 



6.0 STEREOPTIC TEST S-2 


A Comparison Between Solid State and Vidicon Systems 

6.1 OBJECTIVE 

The overall objective of this experiment was to evaluate human operator 
performance in the alignment of three dimensional targets using televised 
visual feedback. 

6.2 PROCEDURE AND APPARATUS 

This experiment was conducted in the Marshall Space Flight Center's Visual 
System Evaluation Laboratory by Essex researchers. The Fresnell stereoptic 
viewing system, shown in Figure 6-1 and described in detail in References 1 
and 2, was utilized for operator visual feedback of the task site. As sen- 
sors, the Fresnell system provides for two television cameras mounted as an 
integrated pair with a center to center lens baseline of 12.1 cm (4.75 in.). 
This experiment was conducted using two types of camera pairs. One camera 
pair consisted of General Electric solid state television cameras (prototype) 
with 22 nm fixed lenses. The other camera pair was of two COHU vidicon cam- 
eras (Modal 2000) which were fitted with 20 mm to 80 mm zoom lenses. Each 
camera pair was separately integrated with the Fresnell stereoptic viewing sys- 
tem for purposes of this experiment which allowed comparison of performance 
between camera systems. 

Two white cylindrical targets (7.6 cm diameter and 10.2 cm length) with 


an albedo of .7 were used 


in 


this experiment. One target was mounted on a 
target motion generator (Figure 6.2) which permitted target movement fore and 
aft along the viewing axis of the camera pair. The fore and aft motion was 
controlled from the subject's viewing station for purposes of target alignment 
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and from the experimenter's station for purposes of resetting the start posi- 
tion for each trial. The direction of target movement was controlled by an 
Electro-Craft Motomatic Speed Control (Model E-550-M) motor control unit. While 
this unit provides for varying rates of motion, for the purposes of this experi- 
ment the rate was fixed at 11 cm per second for all trials. The maximum travel 
train was limited to 71 cm. The second cylinder was mounted on a tripod which 
permitted target alignment in the horizontal plane. 

Task site lighting was provided by two Colortran studio Tights (Model 104- 
311), which were located on either side of the stereo camera pair. Trial 
timing and video presentation for the subject was done utilizing a two channel 
switching and signal injection/modification system which provided discrete ON/ 
OFF functions and trial timing and described in detail ih Reference 3. 

All laboratory equipment was activated at least 30 minutes prior to any 
testing for the purpose of allowing the systems to stabilize before calibrating 
the equipment. In calibrating the system output, both camera apertures for each 
stereo pair were adjusted to provide the 50 units NTSC video when viewing the'. 7 
reflectance target at a distance of 223,52 cm from the camera pair. This tar- 
get sensitivity level was set and maintained throughout each experimental run. “ 

In order to provide the same displayed image size ;of the target at the 
monitor, a 7.6 cm square target was placed 152.4; cm from the face of the stereo 
pair which yielded a 2.5 cm square target displayed on the monitor for the 
fixed lens camera pair. The zoom Tens on the COHU camera pair was then mani- 
pul ated to yield the same si ze di spl ayed target under the same condi ti ons . 

Following equipment stabilization and calibration, the subject was seated 
at his station (Figure 6-3) in front of the Fresnel 1 display and was read a set 
of standard instructions (Appendix C). The subject was then positioned 48 cm 



Figure 6-3: Laboratory Layout with Subject's Station. 
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in front of the monitor face and viewed the monitor at a 15® angle declined 
from the horizontal. At this distance and angle, subjects were capable of 
viewing the display and of perceiving depth (stereopsis) at the Fresnel! dis- 
play. 

At the start of each experimental trial, the subject's display was blank. 
This enabled the experimenter to arrange the specified task conditions accord- 
ing to the test schedule. The experimenter positioned both cylindrical targets 
at predetermined positions at the task site. These were: 

(Distar|ce from Sensor Face) 

Fixed Target Movable Target 

203.20 cm 
228.60 cm 
254.00 cm 

At the three ranges employed in the present experiment, there were dif- 
ferent linear disparities between the images being presented to the subject for 
stereo cues. These can be calculated by a formula discussed in Essex reports 

(Reference 1).- To determine linear disparity, D: 

0 = BK/C - BK/R 

where B is the camera baseline distance; C, the convergence distance; and R, 
the range to the object being viewed. K is a constant determined by the camera 
field of view, K = RI/T where R is the range to the object viewed; T, the 
object size and I, the image size of the ob|ject as presented on the Fresnell ■ 
scree^n. ^ In this case, the value of K was limi ted by the fixed lenses of the 
solid state cameras and was equal to 20. Therefore, with a baseline of 12.1 
cm and convergence point of 152.4 cm, the disparity at the three target positions 


198.12 cm 
223.52 cm 
248.92 cm 


were as follows: 

Target position 1 ^ .9271 cm disparity 

Target position 2 - 1.2776 cm disparity 

Target position 3 - 1.5596 cm disparity 

I With both targets in their appropriate positions, the experimenter 

initiated the trial at his console which simultaneously initiated the subject's 

i 

display and an automatic timing device as well as transferred control of the 
target motion generator (TMG) to the subject. The subject was required to move 
the TMG target fore or aft to bring the front faces of the cylinders into align 
ment. When the subject had determined alignment, he pushed a response key 
which terminated his TV image and the timer. The experimenter recorded the 
trial time and the alignment error value. The next target distance and start- 
ing position was then set up by the experimenter and the procedure was repeated 

i ' ' 

I 

until all test sequence blocks were completed. 

6.3 EXPERIMENTAL DESIGN 

The independent variables manipulated during this testing were: 

Fixed target distances; 198.12 cm from camera baseline > 

223.52 cm from camera baseline i 

248.92 cm from camera baseline 

Starting positions of 203.2 cm from camera baseline 

TMG cylinder: 228.6 cm from camera baseline 

254.0 cm from came rat baseline 

Camera types: COHU Model 2000 (600 horizontal lines) 

■ GE solid state (188 horizontal lines) 

The following variables were controlled during the experiment: 

• '■ ‘ ' i ■ 

Video signal: Measured and maintained such that at 

target position 2 (223.52), the target 
produced a video signal of 50 NTSC units 
as measured on a Tektronix type RM 529 
waveform monitor 

Target lighting: Sufficient to provide the video signal 

as described above 


Camera field of view: 20 degrees (K = 20) 

Camera convergence: 152.4 cm during all testing. 

6.4 TEST SUBJECTS 

The five male subjects participating in this experiment ranged in age from 
20 to 48 years. Each subject was screened for visual anomalies through the 
Standard Orthorator examination, and each was found to have normal visual ac- 
quity and depth perception. Subjects' experience and background were generally 
of a technical and engineering nature. All subjects had participated in prior 
visual system experiments in the laboratory and had familiarity with the stand- 
ard laboratory equipment. ! 

Each of the five subjects performed the test under 18 different combina- 
tions of target distances, camera types and initial comparison target starting 
distances. Each combination was repeated twice for a total of 36 trials per 
subject, and 180 trials in total. The camera type conditions were run in 
counterbalanced blocks to control for any possible learning effects. The re- 
maining levels of .variables studied were randomized within these blocks. 

6.5 RESULTS 

The dependent measures recorded during this experiment Were target align- 
ment error and response time. The target alignment error was defined as the 
linear error measured across the face of both targets, the movable target 
measured either in front of (+ error), equal to (0 error) or behind (- error) 
the fixed reference target. Response time was the recorded interval from the 
time the task site was televised toi the subject to the time the subject con- 
trolled the TMG to perceived alignment and terminated the display. 

Given the facts that the field of view, convergence angle and signal 
levels, as well as subject selection, were all closely controlled in this 
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experiment, any significant differences in operator performance, in terms of 
accuracy or response times, whould be attributable to the differences in the 
camera resolution of the two systems investigated. As pointed out, the COHU 
system was capable of resolving 600 horizontal lines, while the GE system 
could resolve 188 lines. These resolution figures represent the capabilities 
of the COHU and GE cameras u?ed in the testing, not the resolution presented 
to the subject on the Fresnel 1 screen. However, both presentations were 
decremented equally by the system. 

The alignment error data collected in this experiment were initially sub- 
jected to an intermediate computer program which calculated the signed error 
and the absolute value of that error for each trial . Each repl i cation of a 
trial was averaged to give a single Mean Response Time, Mean Signed Error and 
Mean Absolute Error. These values were then subjected to an analysis of 
variance. In determining differences in target positioning performance as 
a function of camera typu the statistical comparisons of interest are the main 
effects of camera type (C) and any interactions involving camera type. 

The analysis of variance of response time shown in Table 6-1 did not 
result in a significant main effect of camera type so that no general differ- 
ence: in response time due to camera type is evident. Two interactions with 
camera type were found to reach the .05 level of significance. The interaction 
of camera type and fixed, target range is illustrated Figure 6-4. The inter- 
action takes the form of an increase in response time with fixed target range 
for the GE cameras but a decrease in time using the COHU cameras. These data 
suggest a minor decrement in performance as a result of using- the reduced 
resolution GE cameras. The effect, however, depends on range and use of the 
GE cameras in an operational stereoptic system will therefore have to be 
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Table 6-1: Analysis of Variance of Response Time 



SUM OF 


MEAN 


SOURCE 

SQUARES 

dF 

SQUARE 

F_ 

MEAN 

23545.08 

1 

23545.08 

515.31 

CAMERA (C) 

1.04 

1 

1.04 

0.01 

POSITION (P) 

6.57 

2 

3.29 

0,51 

TARGET (T) 

139.03 

2 

69.52 

2.94 

SUBJECTS (S) 

182.76 

4 

45.69 


CP 

67.98 

2 

33.99 

6.01* 

CT 

98.37 

2 

49.19 

4.48* 

PT 

406.72 

4 

101.68 

8.36** 

CS 

797.25. 

4 

199.31 


PS 

52.74 

8 

6.59 


1 

TS 

188.88 

8 

23.61 


CRT 

22.81 

4 

5,70 

0.51 

CPS 

45.26 

8 

5.66 


CTS 

87.82 

8 

10.98 


PTS 

194.55 

16 

12.16 


CRTS 

* = .05 Level 
** = .01 Level 

178.44 

16 

11.15 
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evaluated in light of the ranges to be encountered by the system. 

For Response Time, a second interaction effect between camera type and 
target starting position was found to be significant at the .05 level and is 
illustrated in Figure 6-5. The effect is similar to that of camera type and 
variable target range. The GE cameras result in increased response time with 
increased range when compared to the COHU cameras. The same conclusion applies 
that operating range should be considered in evaluatine the GE cameras for use 
in a stereoptic system. 

A further significant source of variance was the |interaction of variable 
target starting position and fixed target range. This effect is of little 
interest here since it results ^from the means employed to vary the fixed tar- 
get position and does not involve camera type. 

The analysis of variance source table for signed error is presented as 
Table 6-2. The effect of fixed target range {a<. 05) was the only significant 
effect isolated. The effect is shown in Figure 6-5 where it may be seen that 
positive mean error values were obtained for both camera types indicating 
that the controlled target was generally positioned at a greater range than 
that of the fixed target. Figure 6-6 shows that this positive bias effect is 
recjuced in magnitude as range -increases. This effect, while statistically 

. i 

significant, is not of primary importance since it does not involve differences 
between camera systems. 

The analysis of variance of absolute error is shown in Table 6-3. Mean 
abs'blute error is the most crucial dependent variable in the current' context 
since it measures the degree of dispersion of target settings around the fixed 
target position. As shown in Table 6-3, none of the sources of variance were 
found to exert a statistically reliable effect on absolute error. 

■ "" ■■■ . ^'"■"■'"^" 6-12 '■ ■ ■ 
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Table 6-Z: Analysis 

of 

Variance of Signed 

Error 

SOURCE 

1 

SUM OF 
SQUARES 

df 

MEAN 

SQUARE 

F 

MEAN 

92.84 

1 

92.84 

11 .79 

CAMERA 

0.09i 

1 

0.09 

0.01 

POSITION 

17.12 

2 

8.^6 ; 

1.17 

TARGET 

65.21; 

2 

32.60 

8.90** 

SUBJECTS 

31.50 

4 

7.89 

1 


CP 

8.43 

2 

' 4.21 

1.99 

CT 

8.60 ■ 

2 

■ 4.30 : i 

1.16 

PT 

3.66 

4 

0.91 

0.27 

CS : 

75.80 

4 

18.95 


PS ; 

58.j72 

8 

7.34 


1 ' 

TS 

29.30 

8 

3.66 


CPT 

28.29 j 

4 

7.07 

1.95 

CPS 

16.93 

8 

2.12 


CTS. ,,, 

29.70 

8 

3.71 


PTS 

53.70 

16 

3.36 


CRTS 

: 58.11 ^ 

16 

3.63 


* * .05 
** = .01 

Level 

Level 





ERROR (in cm) 


CO 

o 


f 

un 



Figure 6-6: .Mean Signed Error as a Function of Fixed Target Range 
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Table 6-3: Analysis 

of Variance of Absolute 

Error 

% 

SOURCE 

1 

i ' 

SUM OF ■ 

SQUARES 


MEAN ■ I 
SQUARE 

_F_ 


MEAN 

239.22 

1 

239.22 

15.62 


CAMERA 

1.34 

1 

1.34 

0.25 

ij 

POSITION 

2.11 

2 

1.05 - 

Q.82 


TARGET 

14.21 

2 

7. TO : 

3,52 

i . 

SUBJECTS 

61.26 

4 

15.31 



CP 

13.65 

2 

6.83 

1 .20 

- 

CT 

2.32 

2 

1.16 

0.20 


PT 

9.88 

4 

2.47 

0.58 

1 

CS 

21.27 

4 

5.32 


PS 

10.27 

8 

1.28 



TS 

16.14 

8 

2,02 



CPT 

4.21 

4 

1.05 

0.73 


CPS 

45.53 

8 

5.69 


V - 

CTS 

45.39 i 

8 

5.67 



PTS 

68.10 

16 

4.26 



CRTS 

,] 

23.12 

16 

1.44 



* = .05 
** = .01 

Level 

Level 
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6.6 CONCLUSIONS 

There is no indication of a significant decrement in operator performance 

in! aligning two targets which can be solely attributed to differences in camera 

I 

types. It would appear from the data that performance is more significantly 
effected by interactions of target positions with camera types. 

If the distance to the target from the two types of cameras is the prin- 
cipal reason for increasing or decreasing response time, then for target ranges 
below 225 cm, it can be seen that response time using the solid state system 
is significantly lower than for the vidicon system. One possible explanation 
for the direction of this effect is that the two camera systems are not lin- 
early sensitive to reflected light. This would suggest, using l/D^, that the 
solid state: system is less sensitive to reflected light as distances increase. 
This now parallel sensitivity is put forth as a possible explanation in view 
of:the results which show equivalent response times at the 225 cm distance, 
which was the approximate system calibration distance. A hardware performance 
analysis of both systems for several distances would be required to resolve 
this particular question. 

With the present data, it appears that the solid state system is prefer- 
able for short distance alignment tasks, or close in tasks where depth judg- 
ment is necessary, such as manipulation of spacecraft components. For align- 
ment of targets at distances greater than 230 cm, human operator performance 
seems to be enhanced with the Vidicon system. The effects noted suggest that 
prior knowledge is necessary for the appropriate selection of a specific 

type of camera system. 



7.0 STEREOPTIC TV PARAMETER PROGRAM 
7.1 PROGRAM OBJECTIVES 

Empirical tests of stereoptic TV system performance have been presented 
in several Essex reports (Ref. 1). These studies have examined, as inde- 
pendent variables, several parameters of stereo systems including the 
following: 

• Target- to-camera range 

• ; Camera baseline 

• ' Convergence angle 

• System gain 

• Field of view (mono and stereo) 

• Bandwidth 

Because a large number of variables will influence stereoptic depth reso- 
lution, empirical tests of all variable levels in combination becomes impracti- 
cal. Furthermore, it should not be necessary to carry out extensive studies 
since analytical work to generalize available empirical data should suffice. 

The intent of the program to be described is to use empirical data on 
stereoptic disparity thresholds to predict the width of the stereo field of 

view and the system range resolution as functions of range. For a particular 

1 ‘ ^ 

task or stereo system application, the two primary performance factors are 

ttjie stereo field of view vddth which will be dictated by the visual envelope 
necessary and the required resolution at the working range which results from 
the positioning accuracy necessary. 

The program logic assumes that a certain "threshold value of retinal dis- 
parity due to image characteristics is necessary for range increment detection. 
The program accepts the parameters of a stereo system and calculates range 
resolution data using retinal disparity threshold data obtained from empirical 



tests. The resolution accuracy and stereo field of view width as functions 
of range are then calculated. 


7.2 PROGRAM INPUTS 

The inputs which must be made for a run include: 

0 Monitor to eye viewing distance (in.) 

0 Monitor dimension (in.) 

0 Video system constant - K (in.) 

0 Visual angle at operator's eye for vertical target 
detection based on empirical studies (rad.) 

0' Average interocular distance (in.) 

0: Retinal disparity at operator's eye for range increment 
detection based on empirical studies (rad.) 

0 Maximum permissible value of linear disparity based 
on empirical studies (in.) 

0 Stereo camera baseline (in.) 

0 Single camera fi el d-of^view (deg.) 

0 Camera convergence angle (deg.) 

7.3 PROGRAM OUTPUTS 

The program accepts the inputs listed in Section 7.2 and substitutes 
these in suitable equations developed based on stereo TV system geometry. 


Output values from these equations include: 

0 Horizontal resolution factor (dimensionless) 
0 Vertical resolution factor (dimensionless) 

0 Stereo exaggeration ratio (dimensionless) 

0 Resolvable horizontal increment (in,)' | 

0 Range at which maximum permissible value of 
' linear disparity occurs 
0 Range resolution factor (dimensionless) 

0 Detectable range increment (in.) 

0 Width of stereo field of view (in.) 


7,4 PROGRAM CALCULATIONS 

The program is set up to read any of several optional input data sets. 
The output data are then calculated based on integer inputs which control the 
program. ; 

7 . 4.1 Input Variables 

The program always reads two integer and six real variables caned IT, 


12, XT, X2, X3, X4, X5 and X6. These input data are coded in an 212, 6F.8.4 
format so that the fields on an input card are as follows: 


Col. 

Input Variable 

Format 

1-2 

11 

12 

3-4 

12 

12 

5-12 

XI 

F8.4 

13-20 

X2 

F8.4 

21-28 

X3 

F8.4 

29-36 

X4 

F8.4 

37-44 

X5 

F8.4 

45-52 

X6 

F8.4 


The variable II controls the meaning of XI as follows: 

If 11= 1 XI is assumed to equal K (in.) 

If 12 > 1 XI is assumed to equal (deg.) 

Thus, the program can be run by specifying either K or with II set to 
the proper value. 

The variable 12 controls the meaning of X4 as follows: 

If li2 = 1 X4 is assumed to equal 0 (deg.) 

, . , i ■ , ' 

If 12 = 2 X4 is assumed to equal (in. ) 

If 12 = 0 is not specified X4 is blank and the program 
will calculate R^. so that the maximum linear dis- 
parity value (d[^j is obtained at maximum range (Rm). 

The variable X2 is read as the horizontal monitor dimeosipn (M - in.). 
The variable X3 is read as the stereo baseline (B - in.). The variable X5 is 
read as the maximum range at which stereo viewing is required (R„^ - in.). 

The variable X6 is read as the FORTRAN variable RGHAN6 which instructs the 
program to calculate system performance measures every RCHAM6 inches from the 
convergence range (Rj.) to the maximum range (Rn,). 



7.4.2 Program Calculations 

The system variables dealt with are listed in Table 7-1. The equations 
for calculation of output variables have been presented in earlier reports 
(Ref. 2). The geometry of the stereoptic field of view is shown in Figure 7-1 
7. 4. 2.1 Single Camera Field of View and System Constant 

These variables are obtained from input and the relationship: 


K = _ M. 

2TAN (fi/2) 
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If XI is read as f2, K is calculated from equation 7-1. 

7 . 4 . 2 . 2 Convergence Angle and Convergence Range 

These variables are obtained from the relationship; 


D = B 
^ 2TAN (3/2) 
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If X4 is read as then 3 is calculated from equation 7-2. If X2 is equal 
to zero, X4 is undefined. In this case, calculated so that maximum 

linear disparity is obtained at maximujiiraRfe, The relation ship used is: 


dm = M _ M 


Rr 


R 
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m 


7.4.2. 3 Output Variables Which Are Independent of Range 

Following calculatioh of input values, horizontal and vertical resolution 
factors are calculated from: 
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Table 7-1: Stereoptic System Variables 


FORTRAN 

LDISP 

(REAL) 

SYMBOL 

d 

K 

(REAL) 

K 

L. VDIST 

(REAL) 

L 

M 

(REAL) 

M 

LAMDAY 

(REAL) 


LAMDAZ 

(REAL) 

Xz 

A 

(REAL) 

a 

THETAT 

(REAL) 

0T 

DM 

(REAL) 

^M 

B 

(REAL) 

B 

RM 

(REAL) 

% 

RCHANG 

(REAL) 

RCHANG 

OMEGAR 

(REAL) 

Q 

OMEGAD 

(REAL) 

Q 

BETAD 

(REAL) 

B 

BETAR 

(REAL) ■ 

3 

Y RES 

(REAL) 

’"v 

Z RES 

(REAL) 

Ty 

ETHETA ' 

(REAL) 

E 

DELY 

(REAL) 

AY 

DELZ 

(REAL) 

AZ 

CONLIM 

(REAL) 

c 

RRES 

(REAL) 

*'r 

DELR 

(REAL) 

AR 

ANG 1 

(REAL) 

Gt 

ANG 2 

(REAL) 

2 

ANG 3 

(REAL) 

a 

3 

F 

(REAL) 

F 

RZERO 

(REAL) 

h 

G 

(REAL) 

WRl 

(REAL) 

WR] 

WR2 

(REAL) 

WR 2 

WR 

(REAL) 

WR 


* See Figure 
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DEFINITION 

LINEAR DISPARITY ON MONITOR (IN) 

VIDEO CONSTANT K = .. . . J .... ,,JIN) 

2 TAN(n/2) 

VIEWING DIST (IN) 

MONITOR DIMENSION (IN) (HORIZONTAL) 

HORIZONTAL VISUAL ANGLE FOR DETECTION (RAD) 
VERTICAL VISUAL ANGLE FOR DETECTION (RAD) 
INTEROCULAR DIST (IN) 

THRESHOLD RETINAL DISPARITY (RAD) 

MAX VALUE OF LINEAR DISPARITY (IN) 

STEREO BASELINE (IN) 

MAX RANGE (IN) 

RANGE INCREMENT FOR DO LOOP (IN) 

SINGLE CAMERA ROV. (HORIZONTAL) (RAD) 

SINGLE CAMERA FOV. (HORIZONTAL) (DEG) 

CAMERA CONVERGENCE ANGLE (DEG) 

CAMERA CONVERGENCE ANGLE (RAD) 

Y RESOLUTION FACTOR (DIMENSIONLESS) 

Z RESOLUTION FACTOR (DIMENSIONLESS) 

EXAGGERATION RATIO (DIMENSIONLESS) 

RESOLVABLE Y INCREMENT (IN) 

RESOLVABLE Z INCREMENT (IN) 

RANGE AT WHICH LIMITING DISPARITY OCCURS (IN) 
RANGE RESOLUTION FACTOR (DIMENSIONLESS) 
DETECTABLE RANGE INCREMENT (IN) “ 

* ANGLE FROM INNER FOV LIMIT TO BASELINE (RAD) 

* ANGLE FROM OUTER FOV LIMIT TO LOS NORMAL TO 

BASELINE (RAD) 

* ANGLE FROM INNER FOV LIMIT TO LOS NORMAL TO 

BASELINE (RAD) 

* TAN OF tt3 (DIMENSIONLESS) 

* RANGE TO CROSSING POINT OF INNER FOV LIMITS (IN) 

* TAN OF (DIMENSIONLESS) 

* SHORT RANGE STEREO FOV WIDTH (IN) 

* LONG RANGE STEREO FOV WIDTH (IN) 

* SMALLER OF WR] AND WR 2 (IN) 








and: 
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The stereo exaggeration ratio (Ee) is calculated from: 


If 12 is set to ai value other than zero, the maximum useable stereo range will 
not generally equal the range at which maximum disparity is obtained. In 


these cases, the latter parameter (c) is calculated from: 


dm = iJ< _ BK 

Rc c 
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The above input and calculated variables are independent of range. The 
program lists these values including: 

• Viewing distance (in.) 

• Interocular distance (in.) 

t Horizontal resolution threshold (rad.) 

• Vertical resolution threshold (rad.) 
t Retinal disparity threshold (rad.) 

• Maximum linear disparity (in.) 

• System constant (in.) 

• Maximum stereo range (in.) 

0 Monitor dimension (in.) 

0 Convergence angle (degi) 

0 Convergence range (in.) - 

0 Stereo camera baseline (in.) 

0 Single camera field of view (deg.) 

0 Exaggeration ratio (dimensionless) 

0 Horizontal resolution factor (dimensionless) 

0 Vertical resolution factor (dimensionless) 

0 Range at which maximum linear disparity is obtained (in.) 


7 . 4 . 2 . 4 Output Variables Which Are Functions of Range 

The remaining variables of interest are all functions of camera to target 


range. The initial calculation of these values is performed at the convergence 
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range. Range is then incremented by RCHANG inches and the ccil dilations per- 
formed again. When current range exceeds Rm, the iteration stops. 

The resolvable horizontal increment is calculated from: 


Ay = ryR 
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The revoTvable vertical increment is calculated from: 


Az = r^rR 
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The range resolution factor is calculated from: 


r„ = 

ate 
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The resolvable range increment is calculated from: 


AR = rpjR 
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Linear disparity is calculated from: 


d = BK _ ^ 
Rr R 
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The remaining variables are associated with the width of thei stereo field of 
view. The general configuration of a two camera stereoptic system is shown 
in Figure 7-1. The stereoptic field Is bounded by the heavy lines in Figure 
7-1. The field of view width can be determined by means of the three angles 
a ,a , and a where : 

1 2 3 ' ■ , 


a,+ a - Q 

2 3 
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7-a 
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a + a =90 

1 3 


a 

3 


_ S + SI 
■ I 2 


Therefore : 


a 

1 



3 S2 

2 


a 

2 




a 

3 
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7-16 

7-17 

7-18 


Rq is the shortest range at which stereo coverage is obtained. Rq is 
calculated from: 


Ro = i TANa ‘ 
2 1 
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The stereo field of view width is a discontinuous function of range. For 
short ranges, the field width is the distance between lines CB and CD. This 
variable is called Wpi where: 

Wr] = 2(R-%) TANaa 7-20 

Beyond a certain range, the field width is the distance between the lines BA 
and DE. This variable is called Wr 2 where: 

Wr 2 = B + 2R TANaj 7-21 

Wri and Wr 2 can be calculated for any value of range and the field width (Wr) 

is the smaller of the two. The program cal culates WR-] and range 
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Step and obtains Wj^ by means of the following logic 
0 if R < Rq 

Wr = Wr, if R >Rg and Wr, < Wr2 
Wj^2 i ^ ^ ^ ^0 — R1 ^ ^R2 

At each value of range, the following variables are printed: 

• Range (in.) 

t Detectable horizontal separation (in.) 

• Detectable vertical separation (in.) 

t Range resolution factor (dimensionlessl) 

t Detectable range separation (in.) 

• Linear disparity (in.) 

• Width of stereo field of view (in.) 

7.5 PROGRAM OPERATION 

A single run is made by including 6 cards which define the following 
fixed parameters: 

• Interocular distance. This parameter is currently set 
at 2.5 in. 

• Visual angle threshold for horizontal resolution. This 
value is presently set at .00175 rad. based on visual 
system data for a 4.5 MHz system with S/N ratio > 20 db 
and contrast ratio of approximately .75. If it is desir- 
able to run the program for systems having other parameter 

! values, the appropriate visual angle thresholds can be 
determined from previous Essex visual system reports. 

• Viewing distance. This parameter is presently set at 

19 in. which is a typical value for stereo system tests. 
Viewing distance may be changed as desired by modifying 
the card. 

• Maximum value of retinal disparity. This parameter is 
currently set at 1.09 in. based on a study of maximum dis- 
parity tolerable to subjects and sufficiently small to 
permit rapid stereopsis. 

» Retinal disparity threshold. This parameter is currently 
set at .00076 rad. based on past studies using the stere- 
optic system. 
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• Visual angle threshold for vertical resolution* This value 
is presently set at .0017s rad. assuming a 525 line system 
and the system parameters presented in connection with 
horizontal resolution. 

Runs made to date have used the above parameter values. 

The variable parameters include: 


System constant 
Single camera field of view 
Convergence angle 
Convergence range 
Monitor dimension 
Stereo camera baseline 
Maximum range 

Range increment for calculations. 


These variables are input under one of six cases shown in Table 7-2. As shown, 
n may be set to 1 or 2 depending on whether the user wishes to input K or 
as XI. 12 may be set to 1 if the user wishes to input 3 as X4, may be set to 
i if R<~ is to be input as X4 or may be set to zero. If 12 equals zero, the 
input variable X4 is undefined. The program will then calculate Rg so as to 
obtain, linear disparity d equal to d^ when R equals 

Each variable parameter input card results in a run. Any number of cards 
may be placed behind the program deck. The program reads in input card, 
calculates and prints the output variables which are independent of range. 

Next, the do-loop for functions of range is performed starting at R^ in. and 
incrementing by RCHAN6 in. At each iteration, range is tested. If range is 
lessi than R[v|, the do-loop continues* If range exceeds R]v|, the do-loop is 
terminated and the program reads the next input card. The upper limit of the 
dO“Toop is presently set at 500. The loop may terminate before range reaches 


R|vj if: 


R[v| - Rg 


RCHANG - 


> 500 
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INPUT VARIABLE 
COL* NO. 

FORMAT 


Table 7-2: Program Input Cases 


IT 

12 

XT 

X2 

X3 

X4 

X5 

X6 

COMMENT “ 

2 

/ ' 

't'.. 

5-12 

13-20 

21-28 

29-36 

37-44 

45-52 


12 

- 12 

F8.4 

F8.4 

F8.4 

F8.4 

F8.4 

F8.4 


1 

1 

K 

M 

B 


Rm 

ROIANG 

PROGRAM READS XI AS K 
AND X4 AS 3 “ 

1 

2 

K 

M 

B 

Rc 

Rm 

RCHANG 

PROGRAM READS XI AS K 
AND X4 AS Rg 

1 

0 

K 

M 

B 

— 

Rm 

RCHANG 

PROGRAM READS XI AS K 
AND CALCULATES R^, SO THAT 
d = AT Rm 

2 

1 


M 

B 

3 

Rm 

RCHANG 

PROGRAM READS XI AS Q 
AND X4 AS 3 

2 

2 

Q 

M 

B 

Rc 

Rm 

RCHANG 

PROGRAM READS XI AS Q 
AND X4 AS R(, 

2 

0 

a 

M 

B 

- 

Rm 

RCHANG 

PROGRAM READS XI AS 
AND CALCULATES R. SO THAT 




In this case, it may be necessary to increase the upper limit. 

A blank card should be placed behind the last input card to terminate 
the run. 

7.6 SAMPLE PROGRAM RUN 

To illustrate the operation of the program, seven runs were made with 
stereo camera baseline varying from 10.2 cm to 25.4 cm (4 to 10 in.). In- 
creasing the baseline has the effect of reducing the size of the minimum 

! ■ - ■ ’ 

dejtectable range increment. In the current set of runs, the width of the 

stereoptic field of view decreases slightly as baseline increases. This 
results from the fact that the convergence range was held constant at 200 cm 
(78.8 in.). This causes the convergence angle to decrease as baseline in- 
creases resulting in a reduction in stereo field width as baseline increases. 
The stereo system parameter values used are listed below: 
t Viewing distance 48 cm 

t Interocular distance 6.35 cm 

• Horizontal resolution threshold .00175 rad. 

• Vertical resolution threshold .00175 rad. 

« Disparity limit 2.77 cm 

t Disparity threshold .00076 rad. 



Video constant (K) 

80.0 cm 


Maximum range 

304.8 cm 


Monitor width 

18.3 cm 


Convergence range 

200.2 cm 


Convergence angle 

varying from 2.9 to 7.2 degrees 


Baseline 

varying from 10.2 to 25.4 cm 
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• Single camera FOV ' 13.04 degrees 

• Exaggeration ratio varying from 6.63 to 16.8 cm 

f Do-loop increment (RCHAN6) 2.54 cm. 

The print-outs for these runs are shown as Appendix D. The resulting 
data are plotted in Figures 7-2 and 7-3. Figure 7-2 shows the minimum 
detectable range separation as a function of camera baseline with target-to- 
range as the curve parameter. If the required range resolution at a partic- 
ular range is known, these data could be used in selecting a camera baseline. 
Stereo field width is shown in Figure 7-3 as a function of camera baseline 
with range as the curve parameter. Notice that field width is not strongly 
sensitive to baseline for the fairly long convergence range used for these 
runs. The irregular appearance of some of the Figure 7-3 data is due to the 
fact that the function relating field width to system parameters contains 
discontinuities which depend on the cross-over points of the lines of sight 
which define the stereo field. 

In the current example, the effect of varuing baseline was investigated. 
The program will be used more generally to establish parameter requirements 
based on the range resolution and coverage necessary for manipulation tasks. 
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DETECTABLE RANGE SEPARATION (IN 





STEREO FIELD OF VIEW WIDTH (IN . ) 
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Figure 7 
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APPENDIX A 

STANDARD INSTRUCTIONS - TEST S-1 

The purpose of this test is to determine how fA'ell one can estimate the 
range to objects using an artificially created three-dimensional cursor and 
a Fresnel 1 screen 3-D system. 

Prior to commencing testing, it is necessary that you become familiar 
with the system used for 3-D viewing. Due to the optical characteristics of 
this system, it is necessary that your head be held in a limited area to enr 
able viewing the scene in three dimensions. Look at the screen. There is 
presently a round, white object located above the cursor in the center of the 
screen. Position your head so that it appears to be brightest and definitely 
in three dimensions. This can be tested by covering or closing one eye at a 
time. If your head is correctly positioned, each eye will see the target 
equally bright. Look at the screen from different head positions until you 
clearly understand the limitations and requirements for stereo viewing . 
(Pause. ) 

There is a rectangular cursor which appears to be floating in space dis- 
played on the screen. There are 3 control knobs located on the panel in front 
of you beneath the screen. The one on the left (pointing) controls up and 
down movements of the cursor; the one on the right controls left and right 
movements. These will be used to orient the cursor so that it is on or im- 

i-. . i” ■ ■ 

mediately to the side of the target when it Is presented. (Show drawing. ) 

Try these controls. (Pause.) Any questions? 

The knob in the middle controls the apparent in and out movement of the 
cursor. Try it. (Pause. ) 
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Prior to each test trial the screen will be blank. I will give you a 
verbal "ready" and then turn on the TV presentation, showing you a target 
which will vary in distance from the TV camera. Using these three controls, 
you are to align the cursor so that it appears to you to be at the same dis- 
tance from the camera as the target face when placed immediately on or to the 
right of the target. As soon as you have aligned the cursor with the target, 
you are to depress this button (Show sequence termination push button) and call 
out the reading on the digital counter located above the Fresnel 1 screen. I 
will then set up new test parameters and repeat the test sequence. 

There will be different noise and bandwidth conditions during the test 

• ' r 

sequences. Hov/ever, at no time should the television screen lose horizontal 
or vertical hold. If you experience what you believe are abnormal TV conditions, 
please inform me and I will correct them. 
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APPBIDIX B 

Standard Instructions 
Color Discrimination Test, Phase 2 

The purpose of this test is to determine how close two colors can be to 
each other and the difference still be discriminated using color television. 

To determine this we are going to show you several pairs of color chips on 
this TV screen, two at a time. At the beginning of each test trial your TV 
screen will be blank as it is now. I will then give you a verbal "Ready" and 
turn on the screen, like this. (Turn on screen showing two obviously disparite 
color chips.) You will then look at the colors and determine if they are the 
same or different. As soon as you have decided, press this switch (show seq. 
termination switch) and call out your determination. Oust call out "same" or 
"different." Pressing the switch will cause your screen to go blank again and 
I will set up two more colors and we will do it again. 

Do you understand what you are supposed to do? (Pause) Any questions? 


(Pause) 
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STANDARD INSTRUCTIONS - STEREO TEST S-2 


This test is designed to evaluate the ability to align objects using the 

i 

Fresnel! television .view system. Although you have used the system before, 

I want to go over several things which are important when using the system. 

(Turn on display showing single target.) • 

First you must position your head such that both eyes can see the object 
wi til equal brightness and definite stereo effect. You can test this by moving i 
your head right and left notings that the images become dimmer in either eye 
as your head is displaced from the center line of the screen. ; When properly 
oriented, you should see the display equally bright with definite stereo ef- 
fect. Try this and be sure you can achieve this effect. (Pause.) Any 
questions? 

In this test, at the beginning, your screen will be blank. I will give ' 

youia verba! "ready" and turn on your screen. The object on the right is 

: ; , . ' „ . . ' 1 
fixed, the object on the left can be moved towards and away from iyou by turn-. 

ing this switch. (Show three position switch on controller.) Turning it to i 
the left brings the object nearer, right takes it away, and in the center it 
is stopped. Try this control . (Pause.) Any questions? 

You are, when the Objects are displayed, to move the one on the left so 

that it appears to be the same distance away from you as the one on the right. 

When you have done this, you will depress this button (Show sequence termina- 
tion switch), your screen will go blank and I will set up a new trial condition. 

At no time should you experience abnormal TV conditions such as roll over 




or snow. At all times your TV picture should be as good as it is right now. 
If you experience any abnormal conditions, inform me at once. 

If there are no further questions, we win begin.' 
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EXTERNAL SEFERENCES I BLOCK, NAME I 


0003 

0004 
On qS 

NINTRl 
NRDUt 
K| 1 0 2 1 

















1 

SO 06 

A 1 A N 


















0007 

SIN 


















0010 

COS 


















ODU 

' NUDlit 


















DO 12 

NST0P4 


















; TOR A 3E ASSIGNMENT 

1 BLOCK, TVPE 

, RELAtlWE LOCATIONV i 

NAMEl . 










00 CD 

000057 

lOF 

0001 


000626 

112L 

0001 


000630 

113L 

0001 


000635 

115L 

0030 


000056 

12F 

ri’OQ 

DODO 71 

13F 

00 CO 


000076 

14F 

0000 


000106 

15F 

OQOD 


000116 

16F 

0000 


000124 

17F 

0 000 

ODD 135 

IPF — 

— 00 CO 


000142 

19F— - — 

-5000 


00015 3 

20F - 

• OOOl- 


-00065 3 

.2001-- - — 

0000- 


000163 

21F 

OOCj 

000170 

22F 

00 on 


0CD20D 

2 3F 

00 DO 


000220 

24F 

0000 


00023C 

25F 

cnoo 


000240 

26F 

■JO CD 

0GD247 

27F 

0000 


000256 

28F 

ooon 


0052 6 5 

29F 

onno 


00027 5 

30F 

0000 


000 3 02 

31 F 

DDOO 

DJDil 1 

32F 

coon 


000321 

33F 

0001 


DOOSO 7 

333G 

0530 


03P340 

34F 

0000 


D03356 

35F 

orco 

00(337 6 

5£.F 

; 0000 


Doom 3 

37F 

or 00 


0o541 4 

3EF 

0000 


000210 

39f 

0C31 


Dijnuib 

5 OL 

0301 

003055 

S2L 

DDUl 


000106 

53L 

on 01 


0BP135 

55L 

0001 


000152 

561 

0001 


00D2D1 

5 7L 

03 01 

033227 

58L 

00 DO 

R 

000007 

A : 

ocon 

R 

ODBC 3 7 

AI 

ODQO 

?? 

030045 

7HE1 

,0000 

R 

30D346 

AfJ62 

coco R DUOD'-i 7 

ANG3 

Docn 

R 

000022 

B 

0003 

R 

00032 7 

BE TAD 

onno 

R 

000030 

('.FT AR 

doun 

R 

030035 

CONLIM 

ua-n R ro').}4 4 

dflt 

uocu 

R 

ounoM 1 

DELV 

□ COD 

R 

000042 

DEL2 

on 00 

a 

000311 

DM 

0000 

P 

000034 

ETMCTA 

od:o r D'JOOtO 

F 

coco 

R 

ODC1Q52 

6 

QCDO 

I 

000036 

I 

OOiJO 

I 

Donoi 2 

II 

OdO(3 

1 

000013 

12 

[i :U t» D P 

! 03''J32 

K 

coco 

R 

on 0001 

L 

ocoo 

R 

000004 

0 AMnAY 

0005 

R 

Gonons 

lamoaz 

onon 

R 

OODDOO 

LDISP 

CDCD - 

■ 03G.J03 

H 

OOUD 

R 

000026 

0HE6AD 

ocon 

R 

00032 5 

OHECAR 

0(100 

a 

00PD40 


0030 

R 

000031 

RC 

oor.o -> DuO;.'?<< 

R C H A N 

3. - . DOlO 

R 

QUDD23 

RM — . 

0000 

R 

00004 3 

a RES 

. oau(3 

R 

DO nor. 1 

R2CR0 

. DD3D 

<n 

ounDio 

ThETaT 

CGOD T 003036 

V D 1 ST 

coco 

R 

000055 

uR 

OQOP 

S 

non05 3 

hRI 

oqoo 

4 

000054 

WPZ 

0000 

R 

orjroi 4 

XI 

uooq R DODDIS 

X2 

0000 

R 

000016 

X3 

COQU 

R 

00031 7 

X4 

QOOQ 

H 

noropc 

X5 

0000 

R 

000021 

X6 

0003 R 000032 

VRES 

0300 

R 

000033 

ZRES 







. • 







CO 130 

1* 

C 





opodoo 

oruoD 

z* 

t 





oouooa 

noloo 

3 A 

C 





QDOOOO 

PU13C 

4* 

c 





oouooo 

U3130 

. ' 5* . 

- c ^ 





00 coco 

001 01 

6> 

12 


FORMAT (IHl 

,15X,V6** STEREO TV CALCULATIONS 


QOOO'JO 

D0I03 

7* 


113 

format 1212 

,6F8.4» 


ooaoai 

30134 

S4 


13 

FORMA T1 IH- 

,6X,16MINPUT PARAMETERS! 


000301 

w 1 ^ .1 

9 •- 


14 

FGOS’AT IIH 

,lSA,i6H'Vr£UItJ5 distance ,14X,F9.S,2X,2HlNl 


nridooi 

0013 6 

13* 


15 

FORMAT ( IH 

,15X,?0HINTERaci)LAR DISTAfJCF,! aF9.5,2X,2HIN) 


D non 01 

uDl(3 7 

. ll’<‘ .. 


16 

fOlMAl 1 IH 

,IS:X,21HRES0U;T10N THRtSHOLDS 1 . 

■ « ■ . 

ODonoi 

no 1 1 0 

12 ♦ 


17 

FORMAT 1 IH 

,2aX,laMH0RIZ0NTAL, 15X,F'/.5,2X ,3HRA0! 


CQJOOl 




^ .r»*=k*«*»s*»». . y 

\ '..-ri ■ . - !:•■ • i . ■• -■ • ' ■ ■ • ■ ^ -•■ ■ ■ 


130 in 

n# 


18 

FORIAI IIH 

t20* ♦ eHVERT ICAL , 1 7X t K9 . 5 , 2X ,3HRA0 > - — • 

. — afiodoi 

U3U2 



19 

FORHAT (IH 

,15X,l9H0ISPAftITV TH!l?:SH0L0,nX,F9.5,2X,JHRADI 

ooaooi 

non 3 

1 5 * 


20 

FORMAT 4 IM 

,15x ,15hOIS('ARJTV limit,, nx, F9 ,5,2X r2HlNl 

. 000001 

03114 

15* 


21 

FOfJMAT H H- 

,6X,i7HSy5TEH PARAHErFHSIl 

OOOOOJ 

on 115 

IT* 


22 

FORMAT 1 IH 

,15X,15HSySTEM rpNSTANTV15X,F9 .5,2Xrt]?HI»J> : 

OOUODl 

com 

18* 


23 

format (IH 

,15X,13HMilXIHyM JiANGE,ir7X,F9.5 ,2X,2MiiNl 

OOQOOl 

uCll7 

19* 


39 

FORHAT (IM 

, 1 5 X , 1 3HM0NI TO ft kil OTH: , 1 7X , F 9 . 5 ,2X ^ IN ) — — 

onuool 

ucu?o 

2D* 


24 

format ilH 

, 15X*! 7HCONVER5FNCE ANGLE, i3X,F9.5,2X ,3HDf(>| 

onoool 

D01?l 

21* 

■ . 

25 

format T IH 

,15X, 1 7RC0NVERGFNCE H AN 5E , 1 TX , F9 . 5 , 2X , 2HIN » — ...... 

; Qcjooi 

0012 2 

22* 


26 

FORMAT e IH 

,15X,3K3ASELIKIE,22|X,F9.E,2X,2HI.V» i 

OCuGDl 

C012 3 

23* 


27 

FJ^RMAT (11! 

, 15X , ! OHCAMERA F0Til,2ClX,F9.b,2X ,3RDC51 

OObDQl 

0012 4 

24* 


28 

FORHAT (IH 

, 15X , IHHEXAEGERATION nA710il2X ,F9.5I 

onnaoi 

iini2!» 

2? *> 


?9 

FORHAT ( 111 

,isy flHHHiNimiH RESOLUTIONl - 

0 OOP 01 

ll:ll2(. 

2b* 


30 

FORMA rc in 

:,?uK|10HHORI 20XTAL, 15X ,F9.5,2X 

aouaai 

oai?7 

27* 


31 

FORMAT (IH 

,2LX .aHyERTICAL, 17X.F9 .5,?X,2MIN1 

ODoDOl 

oni 30 

28* 


32 

FORHAT (IH 

,15X,23HC0WVERG£NCE RANGE LIH IT‘, 7 X , F9 . 5 ,// | 

QOUODl 

fJ0l31 

29* 


33 

FORHAT (7X , 

•OETECrAoLE* ,2X,» detect ABl ES3X,«RANRE« ,4X , 'OFTECTABLE * , 

0 00001 

001 J1 

3D* 


134X, VUiOTH 

or • j 

DCDOlU 


00132 

■ ,31* 

.-. 34 . , 

fORHATiyIx, *H0RI20«(TAL» , IX , * VE R T T C A L RESOLUTION ft ANGE 1 1 6 X LliifLA - -- * 

anjooi 

0013 2 

32* 


*R* ,7X, •£ fEREG* 1 0 

DDuoai 

0013 3 

33* 

35 

FORMAT (IXi ‘RANGE SEPERATION 5EPE B ATI ON • ,3X , ‘F ACTOft SEPAftATTON 0 

orTuDOi 

00133 

34* 


SISPARITV*,2X,7]FIEL0 OF VIEU‘T 

iinuool 

00134 

35* 

36 

format (3X , *IN‘', 6 X, ‘IN* , lUX, ‘IN* ,lSX , »IN‘ , 9X, 'IN* , 8 X, ‘IN*»11X, *rN‘ 1 

onuDO 1 

0013 5 

36* 

37 

fORHATllH 1, , - 

ononai 

DCl 5(, 

■ 3T* 

38 

FCRMAK 114 ,F5 . 1 , 2 X ,F 8 ,5,3X ,|F8.5,3X ,F8.5 , 3X,Fft ,5,3x ,F 8 . 5 ,i5K tFS .5 1 

onaoDi 

0013 6 

JB* 

C 

VALUESOF FIXED PARAMETERS 

onaoDi 

001 3 7 

59* 


REAL LDIs 6 ,i_ 

onuooi 

0014 0 

4 0 * 


REAL H ,.H,LAM0.4Y,UAMDA2 

OCuQUl 

C014 1 

41* 


LA MO A V =D.i!0176 . 

oojnoi 

oni '.2 

42* 


' wDT;ST = 19.Q . : 

0HL003 

D0143 

4 3 0 


LrwDl.GT ....... 

DQoOaS 

0014 4 

44* 


\ - 2.S . 

onaao 6 

l;J14 5 

4 5 V 


ItlElAT =il.CaC?b 

onuDio 

0014 6 

46* 


"DM '■ = : 1 ..09. 

j0t3D12 

0014 7 

47* 


LA MO A 2 : 0.0U175 

000014 

on 14 7 

H B * 

c 

READ SYSTEM PARAMETERS 

0OC014 

no 15 0 

4 9 * 

50 

RExn:( 5 ', 10 ill ,Xl2,XnX2,X3;,X4t.XSVX6 . - - .....L: 

000016 

00162 

SO* 


...M: = ■ X2 ■ 

00UO3? 

00153 

51* 


6 .r. ^ 

000034 

00154 

52* 


RM,= US 

000036 

00155 

53* 


R CHANG = Xo 

QD0040 

UDU 6 

54* 


IF(! 1-11200,51,52 

000042 

onu 1 

5 5* 

51 

K = XI - 

00UO47 

PCI 7 2 

55* 


GHEGAR = ?.C«ATAN(M/(2.Q*KI1 

QDOOSl 

Cul 7 3 

57* 


OMEGAIJ r 57.2957«*0MEGAR 

000061 

00174 

, 59* 


no TO 53 

000063 

00170 

59* 

52 

OMEGAD - XI 

000065 

00 17 6 

c 2. 


O.HEGAR r OMEG AD/57 . 29578 ; 

,tlDu066 

00177 

61* 


K -lN*COi(0,MEGAR72.0) l/(2.Q*SIM(0MEGAR/2.0li . . __ 

. OQuDTO 

OfJOOCJ 

62* 

5 3 

IF ( 12-1)67,54 ,55 

000106 

00033 

■ 63* . 

54 

• BETAD -X4 . 'v..-'.. 

000112 

0 0204 

64* 


HFTAR =BETAD/S7..'-?57B J 

ODD' 14 

•10235 

65* 


RC-ia*G0S(BETAfi/2,0T l/(2.n*SIN(BETAR/2.0 n 

03:0116 

(00.306 

66 * 


GO 70 56 

000133 

U0207 

67* 

55 

rtC-<4. - ,.-.,...,..7.- 

. 000135 

UG310 

6 B* 


BEfAP - 2.0*ATANT37<2.0*RC»I ■ 

CD0136 


00211 

B9 

DO 21 2 

70 

00/13 

71 

co2m 

72 

U02 IS 

73 

GOBI 6 

74 

002 1 7 

75 

002 3 0 

75 

60221 

77 

00 -3 3 2 

7b 

0D2 22 

79 

003 2 3 

BO 

0 0225 

HI 

D0227 

52 

U02'^3 ■ 

B3 

C;023S 

84 

00237 

B5 

J 2 *i 2 

rio 

DOBBS 

87 

00250 

SB 

0QB53 

B9 

002 55 

9j 

00250 

VI 

£■02 5 3 

9? 

BIB 5 6 

; 93 

002 n 

9 4 

U02 / ‘I 

95 

C0277 

95 

l’,033?. 

97 

DO IDS 

9P 

00307 

99 

r.0312 

100 

f.0315 

1 C- 1 

OPJ20 

10? 

GO -32 

103 

0 0 3 2 <t 

104 

0 0 £?(, 

1 0 r. 

0 !.i J 4 0 

, ins 

UC3iO 

107 

00513 

IC“. 

00 33 5 

109 

D0336 

1 10 

1.03 3 7 

1 1 1 

003«2 

1 1 2 

0039 3 

i 1 3 

D,;3K4 

114 

DO S‘( 5 

115 

u u A ** o 

116 

00 397 

117 

CO 35 0 

lie 

CCi 3 1 

119 

0 0352 


...JiSj 

121 

003 5 4 

122 

0 0 3 3 5 . .. 

123 

DO 556 

124 


BET 4 i» . = 57 . 29 5 7 6 *3 E-TAR. 

56 YRES - LAMDAV*L/K 
/RES =LAhOA2*L/K 
ETHSTA =<B*KI/ltfaiST*A» 

CONLIH = <B*K*HC»/I8>K-Q|1*RC> 

GC TO 58 

- 57^ fiC. = lB*K*ftMli/|DM*R)1*&*IO — ^ — - — — — r- 

fiETAR : 2.0 ♦ ATAf<l3/«2.q * RCJ ) 

OLIAO = 57.29-573 * BETAR - - 

■ . 00 TO 56 , 

hRlTE IWPUT PARAMETERS 
a WRITElo,!?) 

■ ikSITEC 6,13) — — s — — ~ 

yimLlb.H JVDiSr 
HRlTE«t),iS)A 
WRITE (6, 15) 
rtfMTE Jt.,l7)LAf)tlAV 
WRl IL (6 , 1» ILAMOA? 

WRIUI6, 19 VtWETAT 

WRITE) 6, 20 DM 
mRITEIo./I ) 

«RITE(6,22)K ::J J , :v; . 

^ , d R I r E. ! fc 5 -? 3 > R M ;; 

WRITLI 6, J9 ) M 

- - URlTE(;t>,24)BETAn . .. . ... 

URnF.)U,2E)HC . 

WRITE I 6,26 )B ' — - 

WRlTf.(6,27)CMEtiA13 
URITEib,23)ETHETA 
.-WRirt 

wRITECu.iCl YRES 
WRITE):, ,il )?RES 
WRITE )'o ,32 ICONLIM 
WRITE )6i, 31 ) 

WRilE )6 ,.3M. 

WRITE )c, 35 
^ ;W,7.TTl. 

WRiIE(6,.J7l 

CALCuLATIOR OE EUNCTIONS OF RANGE 
00 120 1-1 ,50)1 
AI - I-l 

tvV - RC •» A !♦ RE, hang 
IE )R-RM) 110,110,50 
llO 0EUV5 R^YRlS 

DEL7= R22RES -- 
RRES=)TMETAT*H1/)A:5:ETI)ETA» 

DEER- RWSRE S 
LDISP-)0«K/i>C)-)d*K/R1 

- A N G 1 - i . 5 7 0 B - ) S f. T A .7 / 2 , n ) =r 0 .M E S A R /. 2^ C 

ANC2=)CJMEGAR/2,C)-)BETAR/2.fJ) 

ANSI- )0HCCAR/2.)n* ) BETAR/3.0) 

F - SIN) ANG3) /COS) ANG3) 

r.2LR0 = )ft*SJ<vtAriSl))/)2.n ♦ COS)ANeil» 
G ; STN) ANG2)/C0S)AIJG2 ) 

.uR I ~ F « ) -R-R2 1 R 0 I AB . G . .. . ^ 

UR2 = [}• (2.0 A R 3) 



I 



-Q0357. 125* ^__O0Ut20- ■- 

iiD362 V :::l2b* ■■ , , ,111 UR rUR-1- ,■■ — ■ ' Q0Q623 

00363 127* 60 TO 113 - V , . . 00U624 

D03S4 128*1 112 kiR =1(72 QQ0626 

tU13S5 129* 113 I.FIR-R2EH01 114,ll«»,115 „ 000630 

00370 IJD* 114 UR = O.D 0PJ633 

00371 1 31* US URITE«6,3eiR,0ELY,bELZk»RES,0ELP,LD15PiW« — - - ■ - 000635 ^ - 

00402 132* 120 CONTINUE . J : 000653 

00404 133* 200 STOP ” 000653 

00405 134* END 000656 


EnO of compilation: NO OIAONOSTICS* ^ 



aiMA?,l HABSOUtMAP*fJS 

HAP26(?1 UL71- J D2/16/77 IH : l<t:SO f ,01 

1. IW MAPK 

2. Lia ’6YSJ*«Sf CS» 


ADDPESS LIMITS 001003 014U61 J 5682 I3ANK UOROS DEC I HAL- ■ 
040000 045163 2615 OBANK liOftOS DECIMAL 

S1APTI4B AODRESS 013203 


SE6HENI iHAlN6 001000 OH061 040000 045163 


N5WTCl/rOP69 

i 1 1 1 

UOIOOQ 

001024 




NfldLKT/hSFCElS 

6 U » 

D0102S 

001117 

ilo) 

04COOO 

040001 

I'JRW'JOI/FOS-E 3 

sm 

001120 

001203 

ii2) 

Q4D002 

040013 

MmEF»/M5FCE3A • 

SI 11 

001204 

001425 • 

112) 

D40014 

040033 

NaOCV»VFOR-E3 

SMI 

001426 

Q01S56 

ii2) 

040034 

040111 

jvFTCHI /F0P-E2 

S 11) 

001557 

0C2O41 

ii2) 

Q4011? 

D4D1Z5 

>iFT(/»/F0R-E2 

till 

C 02 04 2 

002064 




fCMVT i/F0R66 

s M ) 

002065 

QU2306 

tl2) 

040126 

040222 

FjrL0SI/MSrCE35 

ill) 

002307 

002564 

il2) 

040223 

040251 

.VWbL!<t/Mi,FCF 33 

— ill) .. 

-- -002555 

002733--— 

-11 0) 

- - 040252 

04 07. 5 3 

KS.S3L i 7F UR -F 3 

i 1 1 1 

' 002734 

002770 




)V.JP3Al/F Q-f63 

ill) 

002/71 

003024 





.V3F3DI- 


: I : 


$ 12 ) 

040254 

042501 

N0IIMI/HSFCE3A 

VMI 

O03|C25 

003 324 .. 

il2) 

042502 

042505 

NUU1 t/MSFCE3B 

ill) 

003325 

005D42 

SI 21 

□42506 

042547 

N.ICERI /'lilFCEia 

.. ill 1 

023043 

DU5 30U — 

- SI2J 

- . 04255Q 

04274 1 

HlNlL‘l/HiFCE3C 

i! 1 ) 

005 301 

005533 

il2) 

042742 

042742 

> • M^Ti /-^ ."CE 33 

ill) 

005534 

007137 

ii 2) 

042743 

042776 


ill) 

0Cj7l4D 

010022 

i 1 2 ) 

042777 

D43U53 

MFC IK f/4 5F CE3B 

ill ) 

010023 

1)11031 

i 1 2) 

043054 

043240 


ill) 

011032 

011032 

4141 

:;043241 

043312 

N 1*311/ ttSF Ce iA 




i I 3 ) 

043313 

0113402 

Si U:0‘U/I riR-TE3 

ill) 

ui ini 3 

011112 

S 1 2 ) 

0434133 

□43416 

FrjRvCDKi/FOR-TE.3 




S I 2) 

□43417 

043426 

F0R20HV/'1SFCE.3A 




1121 

043427 

043433 

NEf<Ri/HSrCE3A 

ill) 

0 1 1 1 1 3 

011464 

il2) 

043434 

043614 

ERUt/15FCf3i 







Noaur i /Fon-ea 

ill) 

- 011465 

D11525_._. 




i.l-tZOSl/y 0R-E3 

ill) 

, 01 1526 

011662 

SI 2) 

043615 

043637 

AT AVt/FORr^ 

id) 

Ul;1663 

G12Q66 . 

SI2) 

043640 

043671 

Slt:Ri/aSFCE3B 

i 11 ) 

012067 

012266 

S 1 2 1 

043672 

044013 

’•J!S Jf 1/FUR-E2 

ill) 

012267 

012326 

S 1 2 ) 

044014 

044014 

UDMSVSCC0MMDS9L0CK » 




04 4 015 04 4-027 

(liMO'j r TQ 7 /MSFCE 3C. 

. .. tl l),l 

™ Cl 2 32 7 

0i32D2.___ 

__i 1 2 )— 

04 4 03 0 

044510, 





SI 4) 

UOMSYS 


fjLAMKJ CQ'iiCN<GOMMOK‘0LOCK 1 




. i ■ i ; ' 


MARK 

i 1 1 ) 

• 013203 

014061 

SIO) 

044511 

045163 





S 1 2 ) 

BLANK1. COMMON 


5 V 5 f # -? L I 3 5 - , LE S/ E.L._71^.I ... 
F *111 4 A* 




- •#» STEREO TV CALCUL*TI0NS *•»--. 


IMPUT PAPAME.TEPS ^ . 

VIEWING distance 19.00000 IN 

INTEROCULAR DISTANCE Z.SOUOO 

RESOLUTION TtlRESjHlOLOS — 



HORIZONTAL 

, ..00175 

PAD 


VERTICAL 

■ ,00175 

PAD 


DISPARITY THRESHOLD 

.00076 

PAD 


DISPARITY LIMIT 
SY51EM parameters 

1,09000 

IN 


SYSTEM CONSTANT ,i . - 

— 31.50000 

IN - 


H A A i M U M rt A iT 5 E 

izQ.oaooo 

IN 


M06TT0R WID»H . 

.7.20000 

IN 


convergence ANGLE i 

2.90779 

DEG 


Convergence range ' 

78,00000 

IN .1'. 


3ASEL1NE 

4.00000 

IN 

~ i 

- -- CAMERA FQV • 

13.03960 

. ;DLG — 


EVAESERATlOfJ RAT 10 

2.65263 



MIMMUK RESOLUTION - 

. 



HORIZONTAL 

.00106 

-In 

i 

VERTICAL 

.001D6 

IN 


convergence , RANGE LIMIT 

247.55161 



iRA VSE 

detectable 

HORIZONTAL 

SEPERATION 

DETECTABLE 
VERT I CAL 
SEPERATION 

RANGE 

RESOLUTION 

factor 

DETEC TABLE 
RANGE 

SEPARATION 

LINEAR 

OISPARITy 

IN 

.'IN-' 

; IN : 

IN 

IN 

IN 

7 3 . 0 

.00310 

.03318 - 

.00903 

.71162 

.00000 

79.9 

.a”; 23 

. 03 4 Z 3 

.DU915 

.72930 

.02004 

8 0.8 

.08529 

.09529 

.009 2 6 

.74820 

.03958 

6 1.6 

.08634 

.03634 

.00937 

. 766B4 : 

.05864 

32.8 

.a"740 

.087«0 

.00949 

.78570 

.07725 

?3 .H 


.0904b 

.IU)960 

.1)0479 

.095 40, - 

0 4.9 

• 0 (J •> 5 1 

.08951 

.00972 

.62412 

.11314 

as .9 

.09057 

.D9C57 

,00991 

.04367 

.13045 

36.9 

.09162 

.03162 

,00995.. 

.86345 

.14737 

37.3 

.09269 

•U926u 

.01GD6 : 

.08246 

.16391 

89 . S 

.093/1 

.09173 

.Cl 018 

.90370 

.10CO7 

S3. 3 

,094/9 

.:)9 47 9 

.D1029 

.92415 

,1958? 

9 0,9 

,0 y 5 >J 4 

.09a34 

.01041 

.94 486 

.2113? 

7 1 . e 

.09690 

.09690 

.D1052 

.96579 

.22644 

9 2.8 

. 09796 

.0979d 

.01064 

.96694 

.24123 

93.9 

.09901 

. 09931 

.01075 

1,00833 

.25570 

94 .9 

.103U7 

. lOL-0 7 

.01006 

1 .02994 

,26907 

t-..a 

.10-12 

.10112 - 

. .01090 

1.05179 - 

... .26374 

9 S . 9 

.1U218 

.10210 

• .01109 

1.07386 

.29733 

97 . B 

.10323 

. 13323 

.01121 

1.09616 

. .31064: 

9 8.9 

.10429 

.10429 

.DM32 

1.11869 

,32368 

9 7. a 

* 1 *0 *• 

. losa-i 

.01144 

1 ,14 145 

,33646 

ijoy. 8 

• .1 0 * * 0 

. 1364J 

.01155 

1. i£ 444r 

.34S98 

i'ui. 5 

, ,.10746 

_ n 7 4 6 

. .,5l.U7 i.. 

- .1.16 766:;: 

--_.3bl26 

102.‘> 

. 1 J051 

. 1 Cei5 1 

.m 179 

1.21 ill 

.37330 



<j. 

' ■ 



. 7 ■ 'A': 


■' , : si-.?s!Str 






WIDTH OF 
STEREO 


FIELD OF VIEW 

... IxN 

17,97090 
18,1<(82D 
18,32550 
18.50279 
IB .680C9 
18,85/78 - 

19.03868 
19.21197 
19,30927 
19,56657 
19.78386 
i 9. 92 116 
20.09645 
20.27575 
20.45304 
20.63034 I 
20.00764 i 
. 20.984 9 3 .. 

21.16223 
21.23952 
21.51662 
21.69411 
21.8714! 

22.04071 



1H3.& 

.1095 7.... 

.10957 . . _ 

..DllJ'O. . . 

1.234T9_ 

, _ .lasii 

__ .22.40330 


.11062 

.11062 

.01201 

1.2S869! 

.39669 

22.58059 

1D5.& . 

.11168 

.11168 

.01213 

1. 28 28 3 

.40806 

22.75789 

ICJ&.S 

.11?77 ■ 

.11273 

.01224 

1.30719 

.41921 

22.93518 

ia7.s 

.11379 

.11379 

.01235 

1.33179 

.43015 i: 

23.11248 

10 3,8 

.ii<ta9 

.11484 

.01247 

1.3566 1 

.94090 

23.28970 

;i 05 . 3 • 

.11590 

.11S9D r ■— 

,0125‘1- — 

-1.3 El 66- — 

.45144 

— 23.46707 

i 1 a . 8 

.116961 

.11696 

.01270 

1.40694 

.46160 

23.64437 

;n 1 ,8 

.11801 

.11801 

.G1281 

1.43245 

.47197 

2 1 . 8 2 1 6 6 

in ? . 8 

.1190 7,, 

.11907 

.01293 

1.45819 

.48196 

23.99S96 

ill 3. 8 

.:12012H ' 

.1201 2 

.Cl 304 

1.48416 

.49170 

24.17625 

) l >1 . 8 

,12118 

.12110 

,01316 

1.51035 

,50142 

24.55 56!i 

i 1 5 . »i 

.1/22 { - 

:Vl2223^ - 

.01327 . 

1 ,53679 — 

‘-.51090 

—24.53065 

116.S. 

. 1 2 129 


.01336 

1 .56344 

,.52022 

24.70014 

117.8 

.12934 

.12434 

.01350 

1.59033 

1.62938 

24.88544 

il3.3 

.12540 

.12540 

.01361 

1.6174 5 

.53830 

25.06273 

115.8 

.12646 

• 1 2 b 4 6 

.013/3 

1.64479 

.54723 

25.24003 


OL-G 


I"' 

I'': 

5 






I 


*•«. . STEftEO -IV -CALCJi ATIONS—*^* 

Il^RUT PAVAHETERS 


VIEWING OISTAUCE 

19.0Q0D0 

IN 

INIEROCULAR distance 2.50000 
RESOLUTION THRESHOLDS — — 



HORI?OMTAL , 

\,,:.oau5 

RAD 

vertical 

.QOITE 

RAD 

OISPARIIT threshold 

.D00T6 

RAD 

OISPARIIV LIMIT 

I. 09 ODD 

IN . 

RAHETtRS 
SYSTEM CONSTANT 

. -ii.snooD 

I M — 

MAXIMUM mANuE 

UQ.QDOOD 

IN 

MONT lOR wIOTH 

- 7. 20000 

IN 

convergence angle 

3.63430 

OEG 

CONVERGENCE RANGE 

78.80000 

IN 

baseline 

5.00000 

IN 

CAMERA F OU 

13.03960 

DEG - 

exaggeration RATIO 

3.31579 


HIMHUM RESOLUTION 
■ HURlEaNTAL"" 

,00106 

IN 

VERTICAL ■ 

,00106 

IN 

CONVERGENCE RANGE LIMIT 

173.31362 




detectable 

OE TEC table 

“■RANGE 

DETECTABLE 



HORIZONTAL 

Veriical 

RESOLUTION 

RANGE 

LINEAR 

RANGE 

GENERATION 

SEPERATION 

factor 

SEPARATION 

OISOARITY 

IN 

IN 

IN 

- JN 

IN 

IN 

73.9 

.nails 

.08318 

,00722 

.56930 

.00000 

7».e 

, 0 R 't O-S, 

; .nfi‘f2 3 

.00732 

.56384 

.025,05 

8 0.6 

.0 35^9. 

.08529 

.00741 

..59B.5 6 

.04947 

8 I . B 

.08534 

.03634 

.0Q75U 

.61347 

.07330 

a?.B 

.08740 

. G 3 7 4 U 

.007 59 

.62856 

.09656 

bi.9 

; .08845; 

.08846 

. .Dovte 

.54334 

.11926 . 

a 4 . B 

.D59d1' 

.08951 

.00777 

.65929 

.14142 

8 5.8 

. G 9 u b 7 

.09oS7 

, .Q0TS7 

.67493 

. 16 307 

Bs.e 

.09162 

.09162 

.00796 

*59076 

.18421 

u7. « 

.09268 

.09268 : 

.00335 

.70677 

,20488 

89. B 

.19373 

.09373 

.00014 

.72296 

.2L5i:3 

89. S 

.09479 

.09479 

.00623 

.73933 

.24483 . 

9C-.5 

.QvS-iM 

.09584 

.00832 

.75539 

.26415 

91.8 

.0959 0: 

.U9690 

.00842 i 

.77263 

.26304 

92.5 

- .QV79S' 

.09796 

.P065t : 

,78956 

.30153 

9 3 .fi 

.09901 

.09931 

.00860: 

.60&65 

.31963 

9 4 .a 

.13307 

. 13037 

.00859' 

.82395 

.33734 

95 .a 

.10112. 

.10112 - 

.-_.008 7 3,._. 

_ .-.84143— _ 

_ .354 6E— 

95 .fl 

.10219 

.10216 

.00887 

.85909 

.37166 

9 7.8 

. 1C.{2 3 

. 10323 

.00897 

.87593 

.36830 

99.6 

.10429 

. 10429 

.00905 

.89495 

.40460 

9 9 • .5 

• I u 3 ^ 

.13634 

.00916 

.91315 

. .42057 

luG.3 

.1064 0 

.13640 

. 00924 

.93155 

.43623 

XQl .S 

,. lv/45 

13/4 6 

-..,...009 33. 

. — .95013.__ 

...4 51SE .. 

1 02 . 3 

.IJ-'Sl 

.1.3851 

. 009 4,2 

,96889 

.46553 




iiulwe 

,10957 „ 

.10957 

.00952 

.9B783 

-..,48139 

104, s 

.11062 

,11062 

.00961 

1.00695 

.49587 

105.4 

,11168 

,11168 

.00970 

1.02626 

,51007 

1Q6.S 

.11273 • 

.11273 

.00979 

1.04575 

.52401 

107.5 i 

.11379 

.11379 

,00988 

1,06543 

.53769 

103 .a 1 

.11484 

.11464 

.00998 

1.06529 

.55112 

1.I9.8 

.11590 

.11590 

.OlOCT 

1.10533 

.56430 

iia.B 

.11696 

.11696 

.01016 

1.12555 

,57725 

111.9 

.11301 

.iiacii 

.01025 

1,14 59 6 

.58997 

112.9 

.11907 

.11907 

.01034 

1.16655 

.60245 

1U.3 

.12012 

.12012 

.01043 

1.16733 

.61472 

114,6 

.12119 

,12118 

.01053 

1.20829 

.62676 

ilIS.B 

.12223 

.12223 

,01062 

1,22943 - 

“ .63863 

1 16 . a 

•12329 

.12529 

.01071 

1.25076 

.65027 

117.8 

.12434 

12434 

• .01060 

1.27226 

.66172 

119.3 

.12540 

.12540 

,01089 

1.29396 

.67297 

1 1 9 . S 

'.12646 

.12646 

.01D9S 

1.31583 

.684^4 









_ ^ 2*07750 
22*ZMZD2 
27.I4C&SS 
22.57107 
22,73559 
22.9C'U2 
?3.n&<16U 
23,22916 
23.3936S 
2 3, 5 55 2 J 
23.72273 
23.3P725 
- 29.C5I7« 
2M, 21630 
24.16082 
24,54535 
24,70967 





i 

I 

t 

I ; 


. STefteo IV calculaiions 


Input PARAHtrCRs 


VIEWING oigtance: 

19 . 00 Q 00 

IN 

INltROeULAft DISTANCE 2 

. 50000 ' 


SESOLIJTION TH!?ESHDCOS 


S7' 

H 0 TI 20 NTAL 

; '.00175 

RAO 

Vt*JTTCAL 

'”.00175 

RAO 

01 SPAaiTY THRESHOLD 

. 00075 

RAO 

OIEPARIIT LIMIT 
pahaheteps 

1.09000 

IN 

system constant 

- ^ 3 l. 5 nSf)D 

IN 

MAXINUH RANGE 

12 O. 0 OOD 0 

IN 

MONITOR hlOTH 

7.20000 

IN 

CONVERGENCE ANGLE 

9 . 36 D 52 

DEG 

CDNVLRBENCC Range 

78.30000 

IN 

baseline ' 

5 . 0000 Q 

iN 

camera f Otf . i- 

EXAGSERATION ratio 

13 .03960 

3.97395 

OEG - 

MINIMUM RESOLUTION - f 

... ■- ...■ 


HORIZONTAL 

.ODlDfc 

In 

vertical 

- - .00106 

IN 

CONVERGENCE RANGE LiMiT 

IRN. 4 ' 127'2 



• n 


0ETECTA3LE 

0£ TEC TABLE 

MANGE 

3E TEC TABLE 

• i 



HORIZONTAL 

VERTICAL 

resolution 

RANGE 

LlNErAR 

ro 

Flange 

SEPERATION 

SEPERATICN 

F AC Tor i 

separation 

OISPARITY 


TN 

IN- ; 

IN 

IN 

IN 

IN 

. 

78 . 9 

.08313 

■ .09313 

.00602 

.47441 

.oucuc 


79.3 

.:j8'*Z3 

.08 4123 

.00610 

>.4865 3 

.03006 

1 

9U.8 

.08529 

.as5?9 

.00617 

,49880 

.059 3!7 


31 .S 

« 0 5 $ 3 *4 

.09634 

.00625 

.51122 

.35796 


. s 

^ .06 fBO 

.09i74Q 

.00633 

.52 38 0 

.11587 

i ■ ■ 

3? .8 

:. 0999 3 , 

.... ^p3 64b . . 

.C06 4D . . 

- .53653 , 

- .14311, 


31* .3 

.OevSl: 

.03951 

.0064E 

.S4'Mi 

. 1 69 ?'0 


S3 .9 

.093571; 

M..09U57 

• Clifj s s 

.56244 

.19568 

, T 

fi‘i.9 

■ .0916,?’ 

.09152 

.CG663 

.57563 

.22106 


37.8 

,09? 63 

•□9268 

.00671 

. 58.89 r 

•245 86 


8 9 .9 

.09373 

.09373 

.006 7 9 

.80244 

. 27010 


99.5 

.393 79 , 

, .09479 

.. » D G 6 8 6 

- .61611 . 

.29390 


90.9 

.3 '75:6 9 

ij .09664 

.00694 

.62991 

.31698 

t 

91.9 

.09690 

.09690 

.00701 

.64336 

. 33965 


. 97 . « 

: .09796 

.09793 

.007D9 

■ 6 5 79 a 

.36184 


9 3.3 

.09901 

.04901 

.00717 

.67222 

.38 3S'5 

f ' 

W . B 

.10007 

. 10007 

.00724 

.60663 

.40481 

1 

9S.B 

.ion? . 

10112 

- ,007 32 - -- 

— ,7011a - 

.4 25c2 .. 

lii 

95.8 

.10213 

.13218 

.007 40 

.71591 

. 44600 

4 

97.8 

.10323 ■ 

.10323 

.00747 

.73077' 

.,4 6596 


9 9. .9 

.10929 

.10429 

.DD75S 

.74579 

.45552 


97:. 9 

.lOSj't 

.10633 

. .00762 

.76097 

.5 64 65 


US.? 

.10 6 -.a 

. lOcMU 

.00770 

.77629 

.52348 


1 0 1 . s 

, 

. .10/46 

H-,. 00778 .... 

. .79177 

.54190 


lUE. ? 

.1 J65 1 

. lOdSl 

'■ .0^785 

.80741 

.55996 






i03j9 

,10957 . 

.10957 

.00753 

.82519 . 

.57767 - 

™.:.--2:1.7S362 . : — ^ _ . 

104.9 : 

.11062 

• 11062 

.00801 

.83913 

,59504 

21.90539 

105 « S 

.lit 63 

.11163 

.008DS 

.86522 

.61209 

22.05715 . ■, 

lDt.9 

.11273 • 

.11273 

.00516 

.87146 

.62881 

22,20492 

107.6 

.1 1579 

.11379 

.00824 

.88786 

.64523 

2'2.36069 ^ ... 

1 C3 ,9 

.11434 

.11434 

.ndaii 

.90441 

.661 34 

22.51246 

1U7.9 

.11590 

.11590 

.Duals •- 

- .92!31 

- .67717 

2?« 66423 . „ - . .. 

113.9 

.11696 

.116,96 

.CQfiiv? 

.93796 

.69270 

22.01600 ^ -■ 

111.6 

.11301 

.113:01 

,nu354 

.95457 

.70196 

22.96777 . - - 

113.3 

. 11907 

.11 90 7 

.CQ8ib2 

.97213 

.72295 

23 . 1 1954 

115.6 

.1 2012 

.12012 

;.D03b9 

,98944 

.73767 

23..27131 

1 1 U . 0 

,12113 

.121 IB 

.00977 

1.006 91 

. 75214 

23.42308 . . 

115.B 

. 12223 

-.12223 

-»CQ885 

1.02452 - 

. 76635 

; 

115.6 

.1:2 5 29 

.12129 

.!T08'92 

1.04 230 

♦78033 

23.72661 

117.6 

.1 ?4 34 

.12434 

.00900 

1.06022 

.79406 

23*87830 . ■ . ... .... ..... -- . 

1 1 9 . B 

.12540 

.12640 

. 00908 

1 .070 30 

.60757 

24.03015 

1 1?.S 

.12646 

.12646 

.00915 

1.09653 

.82085 

24.18192 



D-14 




. . , . • ...1 ♦♦♦ . STt.5L-^ »»»,GAtC-UL-AT:lQNSq. 




INPUT PA»A»»ETE^S , ■— // 

VIEWING DISTANCE 1 i 1 9 

INTEROCJLAR DISTANCE 2.SOOOU 

RESOLUTION THRESHOLDS — 



~ HORIZONTAL 

^.Gons 

RAD 


VERTICAL 

'■ .00175 

HAP 


DISPARiTT THRESHOLD 

! ,00076 

RAO 


OISPARITT LIMIT 

^ - „.ri, 09000 

IN 


SrSVEH PARAMEIERiS 




STSTEM CONSTANT 

31.50000 

- IN . 

, 

y.AX^THUK RANGE 

12Q,0aDDD 

IN 


MONITOR WIDTH 

7.20000 

IN . 


CONVERGENCE ANGLE 

5.03636 

DEG 


: ' CONVERGENCE RANGE ■ , • 

. - 78,80000 

IN 


: SAE.ELtNE . 

7,00UDD 

IN 


- .-CAKERA FOV — —^13.03960 DEG.-- 


EKAGGCRATION RATIO 4.6V211 



MINIMUM RESOLUTION 
HORIZONTAL 
VERTICAL 

CONVERGENCE RANGE LIMIT 

.03106 IN 
.03106 IN 
1 129,03198 

RANGE 

DETECTABLE 

HORIZONTAL 

5EPERATI0N 

DETECJAaLE range 

VERTICAL RESOLUTION 
SEPERATION FACTOR 

OETEGTABLE 

RANGE 

separation 

LINEAR 

DISPARITT 

IN 

IN 


IN 

IN 

IN 

73 .8 

.09318, 

.CS318 

,r0616 

.90669 

" . 000 on 

7 9,8 

: .0H923,; 

.099 2:5 

.00523 

.91703 

.03507 

3 J ■ 8 

' . .30529 

.09529 

.00529 H 

.92759 

,06926 

a I ,c 

■ .0 0 529 

: , 03 639 

.005 3 6 , 1: 

.93819 

.10262 

8 1- . 8 

.na/40li 

’ .08790 

.00592 

.99897 

.135181 

3 J , <« 

.Oi; 3 3 6:1 

. ,as»9 6 

.CD599 . 

.95988 

.16596 

a 9 , B 

.0895111 

,□3951 

.C0555 

.97092 

. 1 V759 

8 5,6 

, 2935 7 " 

.09057 

,00562 

.98210 

.22829 

a 6 , 9 

.09162 

.09162 

,00568 

,99390 

.75790 

97.9 

.09268 

,092.6 8 

.00575 

.15 0933 

,26683 

83.8 

.09373 

.09373 

,00562 

^51690 

.31512 

89,8 

.3 99 79 

.09979 

,C056a 

,52809: . 

.39277 

9 0.9 

,d‘.5.“.4 

.Cj9b3|^ ' . 

.00596 

, .53992 

.36931 

91 .3 

.09690 

.C19 69’U 

.006 Cl 

J .55183 

.39626 

92.3 

.09796 

.09796 

.00608 

.56397 

.92715 

9 2,. 3 

.09901 

.09901 

*00619 

.57619 

.99798 

: 9 !i . e 

.10337 

.13007 

.00621 

.56859 

.97227 

9 5 .3 

. 1 J 1 I Z 

.13112 . . . 

.00627 

--.60102 — 

_- , .9 96 55 

96.6 

.10213 

.13218 

.00639 

,61 363 

.52033 

9 7.8 

.10223 

.13323 

.56690 

.62633 

.59362 

93.3 

.10929 

. 13929 r 

,00697 

.63925 

.56649 

99.5 

. 1 0529 

. 1 0 6 3 -1 ■ 

. DO 65 9 

.65226 

.sanad^ 

103.B 

.1369:1 

.13640 

.0066 C 

.66590 

.61072 

1..! .a 

V . 1 J?-‘6 . . 

. 10 79G, __ 

.0066 7 — 

. 6 78 5 6. 

63221 .. 

102.2 

. 1 u a 5 1 

•lOoSl 

. 0u67 3 

.69205 

.65328 



WIDTH OF 
STEREO . 
FIELD OF VIEW 

- IN -i 

17,9558? 
.Vi.a9i<BS 
19.233SS 
18,37291 ' 

18,51195 
. I9,t5n9a 
l3,79nDl . 
18,92905; ' 

19,D68DB 
1R.20711 
19,3*)615 
1 9.9851B 
i 19,52921 
I 19,76325 
i 19,90228 
! 20,09131 
! 2C.18035 

..i 20,319 33 

; " 2D.M5e4l 
i 20.59795 
2D. 73698 
20. 87551 
21.01955 
15353 . 
21, 29251 




•4 . |»StSia 4 HSi' ■ ^ ^ 3 t 


1Q3.’9 

.1U9£7. . 

.1095T 

.00660 

.._.^_.70S5*— . 

.67395- 

-__.21.4316«. 

lOM.R 

.110&2 

*11062 

.00666 

.71925 

.69422 

21 *57068 

135*0 

.HUB 

.lUfis 

.00693 

. 713 304 

.71410 

21.70971 

iOS.9 

.11? 73 ' 

.11273 

.D0699 

.74697 

.73362 

21,34074 

IJ7.3 

.11379 

. 11 379 

.C0736 

.76102 

.75277 

21.98770 

1C19 .S 

.11484 

.11404 

.00713 

.77520 

.77157 

22.12661 

10?. 9 

.11590—. 

.-.;ii59a 

... 0071ft 

J -,70 952 

.. 79 003 - 

22.26564 

U0.9 i 

.111696 

.11696 

.00726 

: .• .0 0397 

.00615 

22.40488 

111 .f 

.11501 

.iiaoi 

.C0732 

.8105^ 

.82595 

22.54391 

11?. 3 

. 11907 

.11937 

.00739 

.63325 

.04 344 

22.60294 

113.0 

.1?D12 

.12012 

.00745 

.84809 

.86061 

22..0 2193 

1 1 '• . 6 

.i?ua 

.12110 

,CD7i52 

.Q6306 

.07749 

22.96101 

1 1 6 .ft 

.1?2?3 .. 

. 1 2223 

.00750 

. — ,6781:6 . — 1. 

-.:B9 6J8 . 

2 3.10004 

116, B 

.12,12 9 

.12 *2V 

.DG76S 

.6j'934;a 

.91030 

23. 2 3908 

U7.3 

.12434 

.12434 

.00771 

.9:0676 

.92641 

23.37011 

1 1S,B 

. 12540 

.12540 

.oai?7a 

.92425 

,94? 16 

23.51714 

U?.b 

.12646 

<• 1 ? 0*1 6 

.od^as. 

.9,390 3 

i " ■ ■;! -n ■ 

,95766 

23.65610 


_.***. -STEaEa^TW.-ClLCULITlONS-— *** ______ 


IN.3UT PARAMETERS 



VIEWING DISTANGE 

19.00000 

IN 

INTEROCULAR OISTANCE -2ia00DD 

— , — ^ -- 


RESOLUTION thresholds 

. : : _ 



HORIZONTAL 

.00175 

BAD 

VERTICAL 

■"'.00175 

RAO 

DISPARITT THRESHOLD 

.00076 

RAO 

DISPARITY LIMIT 

1.D90DO 

IN 

system parameters 



syste.m constant ■, 

31.50000 

IN 

■ MAAIM-UM RAN',E - : 

120.00000 

IN 

MOfvTTOR WIDTH 

7.20QD0 

IN - 

CON'VERGEMCE iiANCLEl 

5.B1 IS4 

DEG 

’ convergence SAJilGt: 

76.80000 

IN 

. baseline , . 

s.ooaoo 

IN 

CAHERAi f OW ■ M- — 

-13.03960 

OLT, - 

EYA53ERATI0N RATio' 

5.30526 


MINIMUM resolution 



horizontal 

.00106 

IN 

vertical 

.00106 

IN 

convergence range LIMIT; 

119,54632 





DETECTA3LE 

DETECTABLE 

RANGE 

3ETECTA3LE 


0 

1 


HORIZONTAL 

VERTICAL 

RESOLUTION 

RANGE 

LINEAR 


RA‘;jBE 

SIPEHATIQN 

SEPERATION 

factor 

SEPARATION 

DISPARITY 

cr» 

Tn 

IN 

IN 


IN 

IN 

; 

73.9 

...i0B3IS 

.0931B 

.00452 

.35SB1 

.oiiOon 


7 9 .a 

.0-423 

.•13423 

•CC457 

' .36490 

.04007, 


9 0.8 

.08529 

.08529 

; 00463 

.37410 

.07916 

01 .8 

.52o34 

; .03634 

.004 6 9 

.36342 

.11728 


32 .a 

.06740 

,.09740 

. 004 7 4 

.39235 

.15449 

\'r 

2 3.0 

.00846 

.03846 

.Ctj4bC 

” .4 024 0 ,, 

.19061 

y--: 

24.3 

.06951 

.1)8 951 

.Co486 

.41206 

.22627 


95.8 

, 0 90 5 7 

.07057 

.00492 

.42183 

.26091 


5 f> . 8 

.09162 

.09162 

.00497 

.43172 

.29474 


8 r , 8 

.09263 

.09268 

.00503 

.44173 

.32701 


6 8 . 9 

.09373 

.09373 

.C0509 ; 

.45185 

.36013 


a>,9 

,0y4 79 

,09479 . 

, .00515 

.46208 , 

- .39173 

t 

V 3 . 6 

.09384 

, ,U;-9 5S4 

.00520 

; .4 724 3 

.42264 

9 J . 9 

.'i9.'>9D 

^ .U969J 

. 00526-^ 

'.4BZ89 

.45287 


9 2.3 

.09796 

.09 796 

.50532 

.4934 7 

.46245 


9 S . B 

.C99JI 

.09901 

: .005 3 7; 

.30416 

.31140 


9 4.3 

.10007 

*13007 

.DU54T 

,51497 

.53974- 


- ■«; ■ 

.10112 _ 

_ -.10112 - 

. 005 4 9 — 

_ -.5258 i_ 


r'!; 

96.9 

. 10219 

.10218 

• .00555 

.53693 

,59466 


9 7 . S 

.U32 3 

,13323 

.00560 

i.54E0B 

. .62120 

i;r 

98 ,8 

. 1 w4 2 9: 

.10429 

. DC566 

■ .55935 

.64736 


) 9 b 


,, .10624 

.00572 

.57073 , 

.67292 

- 

10 0.9 

.10640 

.lObUu 

.00570 

.58222 

.69797 


1 J I . H 

-1 J7il6 

.13 74 6.._ 

00 5a3:._ 

.59333 

.722 53 ; + 


102.0 

. 5 0-!;- i 

.13051 

: .00S89 

•1 ' .. . ■■■ v;‘ . ■ 

. .60555 

.74 661 

is Biiw WWI rr*l 


111 , 





MIOTH OF 
STEREO 

FlfLD Of 'JIEU 
IN 


17.95365 
13.08000 
18 .?G652 
18.33263 
:l 3 .85895 
.1X9. 58526 
118*71153 
18.S3789 
IB .96421 
19.09053 
19.21664 
-19.34316 
19.46987 
19.591579 
19.7 21211 
19,84842 
19.97474 
.-.,20.10105 
20.22737 
20.35368 
20.46000 
20.60632 
20.73263 
.,20.35895 
20.96526 



•<«,/ ■ I, « ■. 


103^B 

.10957 . 

.10957 

.00595 

.61739 

.77022 

- 21.11158. . _ , 

1D4*9 

.1 1 062 

*11U62_ 

.D06U1 

.62935 

,79339 

21.23789 

V05.9 

.11168 

.11168 

.00606 

i6814l 

.81612 

-21.36821 ..V ^ 

lO'b.S- 

111075 ' 

.11273 

.00612 

.65 36 0 

.8388? 

21.89053 

1U7.3 

.11579 

.11379 

.00618 

*66589 

.86031 

21.61688 . 

1J9.'8 

.1 msM 

.11888 

.00623 

.67830 

.8B179 

■,21.78316 

1 05 .'9 

.11593 

.11590 

.00629 

I,'.,:-.. ^690313 •• 

.90289 

. -ii21 .S6987 _ - - . 

110.8 

.11696 

.11696 

.00635 

i V .70387 

.92360 

21.99579 

1 n . 9 

.11801 

.11601 

.0068 1 

.71623 

.98398 

’ 22.12211 ■ 

1 1 3 . 9 

.11907 

.11937 

*00686 

.72910 

,96393 

. 22, 28382 

J l 5 . 8 

•12012 

.12012 

.00652 

.78208 

.96356 

22,37878 

1 m.fi 

.12118 

.12118 

.00658 

.76519 

1.00286 

22.60105 

115.3 

.12223 

. 12 223 

.00668 

.76839 - 

'1.02180 

- - 22.62737 .. _ 

U 5 . '1 

.12329 ' ' - 

'.1232^ 

•0Q6b9 

.78172 

1.04088 

22.7S36B ■ 

117.3 : 

.12434 

.12838 

- ^00675 

.79516 

1.05876 

22;. 3enoo 

11:8 . 8 

'1^12580 

.12580 

y 00661 

.80872 

1 .('7 6 76 

' 23.00632 

115.8 

’.12686 

.12686 

^00636 

.82239 

1.09886 

23.13263 





input parameters 


VIEWING distance 

19.00000 

IN 

INTEROCJLAR DISTA.NCE 2.50000 
. RESOLUTION THOESHOLDS 

j ' 


HORIZONTAL 

^.00175 

RAO 

VERTICAL 

' ,03175 

RAD 

DIS«»ARITy THRESHOLD 

,00076 

RAD 

DI6PA.RITY LIMIT 

1.09000 

IN 

VSTiM PARAMEIERS 

SYSTEM CONSTANT 

51,50000 

IN . 

: HAXiMlJM hkH'-c ■ 

12Q.0QUGU 

IN 

monitor width 

7.2OUD0 

IN 

convergence angle 

6.53683 

DEG 

‘ co.nvergenC£ range 

To.armoo 

IN 

' SASELINE 

9.00000 

IN 

..camera fov . .j-.— — 

-,*-13,03980 

DEC 

exaggeration RATIO 
MINIMUM RESOLUTION 
HORIZONTAL 

5.96842 

.00106 

IN 

VERTICAL 

.00106 

IN 

CONVERGENCE RANGE LIMIT 

113.05109 



tJ 


Oc TECIABLE 

detect ABLE 

range 

DETECTABLE 


1 


HORIZONTAL 

VERTICAL 

RESOLUTION 

RANGE 

LINEAR 

03 

Range 

SE“ERATION 

seperation 

FACTOR 

SEPARATION 

DISPARITY 


IN 

I n 

IN 

IN 

IN 

IN 


78 .a 

.33313 

.03 313 

.00401 

".31623 

. DOOOD 


79.8 

.38423 

.08423 

.00406 

.32435 

.04508 


80. B 

.08529 

.03529 

.00412 

.33253 

.08905 


3 1 . B 

,0.8 5 34 

.03534 

,00417 

.34082 

.13195 


8 2.8 

.08740 

.03740 

.00423 

,34920 

.17380 


.81.8 

• 0 a 4 Yj 

. ufi 8 46 

. .00427 

. .3576V 

.2 1«66 


34.8 

.08901 

. .03951 

,nu4 32 

.36027 

.25456 


85 .? 

.09057 

.09057 

.P0437 

.37496 

.29352 


S 6 

.09162 

.09162 

.00442 

.36375 

.33159 


3 7.8 

.39268 

,09263 

.00447 

.39265 

.36879 


88 .e 

.37'73 

,09373 

.00452 

.40164 

.40515 


8v . S 

. .194 79 

.09479 

.00457 

.41074 

.440 7 D 


93 . B 

.09524 

.09534 

.00462 

.41994 

.47547 


91 .n 

.J7b90 

:.:o9t.9ti 

.0U46B 

.42924 

.50948 


92 .3 

.09796 

.09/96 

.0U473 

.43664 

.54276 


9 3 . 8 

.09901 

.09901 

,00476 

.44815 

.57533 


9 4.3 

. lull? 

.13007 

.00433 

.45775 

.60721 


95.3 

.10112 

.13112 . - 

. .. ,004 83 

. .46746 ... 

.6JS43 - 


9b .£ 

.1 02 1 8 

.10218 

- .00493! 

,47727 

,66900 


97.3 

.10323 

.13323 

.00498'^ 

.43718 

.69994 


9 3.8 

.10429 

.13 429 

.C0S03 

.49720 

,72828 


9: i) . a 


. 13S34 

.00500 

.50731 

.75703 


103.8 

.i;!'.40 

.lDo4D 

.CD513.. 

.51753 

.73522 


in .3 

. LU74‘i . 

. . 1374 6 ... 

... .1G519 

.. .527.8 5 . . 

.P12G4 


1 U Z . 3 

..lit' 11 

.13=51 

.10524 

.53327 

.83993 



WIDTH OF 
STEREO 

r lELQ OF VIEW 
In 

17.95200 
19,06661 
i9.1B023 
19.29385 
IB. I* 0 79 6 
.13.52108 
IB .63970 
I9.7MS31 
1 B . 2 6 1 9 2 
19.97555: ;! 
19.CS9 16 
. 19.20272 ’ 
19.31640 
19.43001 
19.54363 
19.65725 
19.77Db6 I 
,..._,„19.S8<I4S _i 
19.99810 
20 ,11171 
20.22533 
2 0.33895 
20.45256 
20.56618 
20.67980 



103.9 

.IU9S7 


1095 7 

.00529 

.54679 . 

.86650 . 

20.79341 

iQ<i.a 

.11062 


11062 

. 005 34 

.55942 

.89256 

20.90703 

IQS. 3 

* 1 1 i&A 


11166 

.00539 

.57015 

.91813 

21.020651 

1 JV.6 

.11273 


11273 

.00544 

.58097 

.94222 

21*13426 

1U7.3 

.11379 


Hi7« 

.00549 

.59190! 

.96785 

21.24758 

1 1)3.8 

.11434 


11484 

.00554 

.60294 

.99202 

21,36150 

1U').3 

,11590 


11S9Q 

.00559 — 

- .61407 

.-1. 01 5 75 -- 

-— 21.47512 

113.3 

.11696 

: 

11696 

.00564 

.62521 

i 1.03905 

21.568ji73 

lll.K 

.1 laui 


11601 

.00569 

: |j,6 3665 

;1. 06194 

21,70235 

112. B 

. 11907 


11907 

.00575 

i|i64309 

1. 06442 

21.31597 

M3.B 

.12012 


12 012 

.00560 

.65963 

1.10650 

21.92958 

im.B 

.12119 


12UB 

,00585 

.67127 

1.12820 

22.04i20 

IIS.B 

. 12223 

: 

12223 - 

.00590 : . 

.68302 - 

. 1,14953 — 

— 27.1566 2- 

! 1 3 . 1) 

.12329 


12 32<:' 

.00 5iV 5 i 

n694B6 

1.17H49 

22.27043 

1 1 7 . e : 

. 12434 


124 34 

.006^0 ^ 

.70691 

1 , 1 91 09 

22.38405 

113. B 

.12540 


12540 i 

,00605 

•.7188 6 

1.21135 

22.49767 

UV.3 

.12646 


12646 

.00610 

.73102 T 

1.23127 

22.61123 


D-20 



♦♦ «™S1CHE0 TV ,CALCUUTlQNS._*Jt* 


INPUT PARAHETEUS 

WIEUIN5 distance IV.DOQOQ IN 

IVTEROCULAR DISTANCE 2.5000Q . 

. RESOLUTION THRESHOLDS . - - — ■ 

HORIZONTAL ^.DOJTS RAT' 

vertical ".00175 RAD 

DI SPA3irT”THHESHOL0 I .0(TQ7t RAD 

DlSPARiry LIMIT 1.09000 ItJ 

SYSTEM PARAMETERS i 

STSTE,M-C0;NSTA.VI .;_^__3l.S0CC:Q'---. in — 

laxihIih r'ansl izo.ponno in 

MONITOR wiOTii 7.20000 10 

CONVERGENCE AHGLE 7.26150 DEC 

CONVERGENCE RANGE 7B.800aO IN 

BASELINE 10.00000 IN 

■ ■ camera EOV ,i. — -_13. 03960 DES--- 

EXAGGERAnoN RATIO 6.63150 

MINIMUM RESOLUTION 

HORIZONTAL .00106 IN 

VERTICAL .00106 I rj 

COrJVERGENCE RANGE LIMIT 109.3‘il92 


■ o 


DLTECTAaLE 

detectable 

RANGE 

OETECTAaLE 




HDRI23NTAL 

VERTICAL 

RESOLUTION 

7"R'kNGE 

L1NP.AR 


RANGE 

SL^ERATJON 

SEPEIRATION 

FACiOR 

SEPARATION 

OISPARITV 


IN 

: IN ■ 

IN 

IN 

:j IN 

IN 


73.9 

.083 I3i 

.09318 

.00361 

;. 28465 

. nofjbO 

t 

7 9.9 

■.3 3 *4 3 3 

,U“‘I2J i 

*00366 

.29192 

.05009 


83.9 

.08529 

.09529 i 

.00370 

.29923 

.09895 


ai .9 

.086 3*1 ; 

.09624 

iV333 7S 

.30673 

. 1 4 6 b 1 


«? .9 

.09714 0 

.09743 

200330 

.314 2a 

.19311 


2 2.3 

^ .0an46 

.638461 

. .30364 

.32192 

.23651 


9 4.9 

.039';,i 

.09951 

n.03389 

.32965 

,28284 


65.3 

.3 9067 

.09057 

1400393 , 

.33747 

.32613 


S6 .9 

.09162 

.09162 

.00356 

.34539- 

. 36542 


37.8 

.092uB 

.09265 

,00402 : 

.35339 

.40976 


39.9 

.09372 

.09373 

.00407: i 

.56149 i 

.45016 


37.9 

. 3 V'l 7 9 i 

.U9479 

.00412 I 

.36967 

. 4 5 9 6 7 


9 3.9 

.399138 

.U9-j8 4 

;• C U 't 1 .6 

.37794 

.52930 

£ 

91.9 

.39693 

.09690 

; 1.03*4 21 

.39 632 

. 5t,609 

■'I 

V 2'j. 9 

.39 796 

.09796 r 

.00425 

.39473 

.66307 


9li,3- 

.09901 

.09901 

.00*430 

.40333 

.63925 


94.9 

.1003 7 

. 10307 

.00435 i 

.4 1190 i 

.15 74 66 


9 5.3 

.13112 

--.13112 

,.DG4 39„:.^ 

42071 -L- 

- - .70936 - 


9 6.9 

..10219 

.10215 

I.00444 

.42954 

.74333 

■■'.r 

-.7.3 

.10123 

.13223 

■. 004 4 8 

.43846 

.776cr. 

■ >■ ■ 

93.3 

.!u429 

.134 29 

I.D04S3 

,44749 

.90920 


5 5 . 3 

. ♦ 

• I J L) $ ^ 

.00457 

*45656 

.9411 5 

. ' 

IU3.9 

.10643 

.13643 

- . 0046? 

.46579 

.87?46 

■ i 

101.3 

.Ici746,„„ 

.137*16 — 

--i. .00467 .. 

, *47 50 6 ... 

_. . 9 (1316 


1 J2.9 

. lEiSo 1 

.13651 

■ ;T:D4 7! 

.46444 

.93326 


WIDTH Of 
STEREO 

FIELD OF VIEW 
IN 

17.95275 
19.05469 
19.15562 
19 .26656 

19.25749 
lS.‘i 59 ‘l 3 
15.55937 
19 .6fc030 
19.7612M 
ie.96217 

19.96311 
19. 96*4 05 
19.16499 
19.26592 
19.36665 
19.46779 
19.56873 

19.66966. _ 

19.77060 
19.97153 
19.97247 
20.073*11 
20.17434 
... .. 20.27526 
23.27621 


1U3.3. 

,.10957. . 

.in957,^,,:,_. 

... 009 76,......, 

. . .99 391 

-96?7ft 

..20.97715, 

1U4.9 

.11062 ■ 

.11062 

.00990 ! 

iSn399 

.99179 

20.57606 

IQ5.S 

.11168 

.11-16 8 

.00985 

.51313 

I.D2D15 

20.67902 

ia«j.9 

.11273 

.11273 

.00990 

.52290 

1.09802 

20.77996 

107.3 

.11379 

.11379 

.00999 

^53271 

? ii.0753B 

20.86089 

?09.“ 

.ll<43>t 

.11499 

.00999 

.59269 

l.Ui229 

20.98163 

M7.8 

.1 ll5«0 

•■. 11590 -- 

,DC5C3 . 

.5!^266 — 

~ 1.12861 - - 

21.06276 

IIO.S 

.11695 

.11696 

. 00506 

.56 27 3 

1.15950 

21,18370 

111.8 

.11801 

.11601 

.00513 

.51729B 

1.17993 

21.26969 

112.8 

.11907 

.11907 

.00517 

■ .58 323 

: 1.20991 

21-36559 

113 .8 

.12012 

.1201 2 

.00522 

.59 366 

; 1,22945 

21. 9 865 jl 

1 m.a 

.12118 

.12119 

. 00526 

■ .i.fl919i 

1.25356 

21.58799 

IIS.H 

.12223 

.12223 

.00531 

'.61971 

;• 1,27725 - 

21.6883$ 

liv. s 

.52129 

.12329 

.00535 

, .62638' 

1.30059 

21 .78 932 

117.8 

.12 H3 U 

.12939 

.00590 

: .63613 

1,3^399 

21 .89025 

1 1 3 . 8 

.12590 

.12590 

.00545 

.69693 

1,79595 ; 

21.99119 

113.8 

■. 1 2645 

.12696 

.00599 

.6579^ 

1.36806 ' 

22. 09? 12 


